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1. Overview

This Manual explains the requirements for approval of residential Alternative Calculation Methods (ACMs).
Residential ACMs are used to demonstrate compliance with the performance approach to the California Energy
Eefficiency Sstandards for Low-Rise Residential Buildings-as-defined-in-the-building-energy-efficiency
standards-of the-State-Building Code.

The approval procedure is one of self-testing and self-certification by the ACM vendor-efar-ACM. The vendor
conducts the specified tests, evaluates the results and certifies in writing that the ACM passes the tests. The
California Energy Commission (Commission) will perform spot checks and may require additional tests to verify
that the proposed ACM is suitable for compliance purposes. The vendor is required to develop a compliance
supplement (program user manual) explaining how to use the program for showing compliance with the
standards. The compliance supplement will also be checked by the Commission for accuracy and ease of use.

When energy analysis techniques are compared, there may-beare two basic sources of discrepancies:
differences in user interpretation when entering the building specifications, and differences in the ACM's
algorithms for estimating energy use. The approval tests in this manual are designed to minimize differences in
interpretation by providing explicit detailed descriptions of the test buildings that must be analyzed.

This chapter presents the general requirements for residential ACMs. Appropriate inputs for all modeling
capabilities are discussed in Chapter 2._ Chapter 3 has the rules for defining the Standard Design. Chapter 4
has algorithms and modeling assumptions used in the reference method. Chapters 5 and 6 have accuracy
tests. Chapter 7 has requirements for field verification and diagnostic testing. Chapters 8 and 9 have
requirements for ACM vendors.

Overview Summary of ACM Changes
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1-211.1 Minimum Modeling Capabilities

Minimum modeling capabilities must be included in all ACMs. If a candidate ACM does not have all of these
capabilities, then it cannot be approved for compliance. The minimum modeling capabilities are summarized
below:

e Conduction gains and losses through opaque and fenestration surfaces.
¢ Infiltration gains and losses

e Solar gains through glazing including the effects of internal shading devices, external shading devices and
fixed overhangs.

o Natural ventilation cooling and natural ventilation for Indoor Air Quality (I1AQ).
e Mechanical Ventilation for IAQ.

e Thermal mass effects to dampen temperature swings.

e Space conditioning equipment efficiency and distribution systems.

o Water heating equipment efficiency and distribution systems.

e Radiant Barriers

e Cool Roofs

1.2.21.2 Optional Modeling Capabilities

Candidate ACMs may have more capabilities than the minimum required. ACMs can be approved for use with
none, a few, or all of the optional capabilities. The following optional capabilities are recognized for residential
ACMs:

¢ Raised floors with automatically operated crawl space vents.

e Zonal control or multi-zone modeling of the sleeping and living areas of the house.

o Attached sunspaces for collection and possible storage of heat for transfer to the main house.
e Exterior mass walls.

e Side Fin Shading.

e Combined hydronic space and water heating.

e Building additions.

e Solar water heating.

e Form 3 report generator.

e Gas-Fired Heat Pumps

Many of the optional modeling capabilities have been previously approved by the Commission through the
exceptlonal methods process. The approval tests for optlonal modellng capabllltles are mcluded in Chapter 6.

1.3 Application Checklist

The following is a checklist of all the items that must be included in an application package for ACMs. Some
materials are required only for general purpose ACMs and are so indicated.

Minimum Modeling Capabilities Overview
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o ACM Vendor Certification Statement. A statement from the ACM vendor certifying the ACM, and, its
reliability and accuracy when used for compliance purposes (see Appendix A-Page-A-1).

e Computer Run Summary Sheets. Hard copy summary sheets of all the required computer runs (see

Appendix A-Pages-A-2-to-A-12).

e Computer Runs. Copies of the computer runs specified in Chapters 5 and 6 of this Manual, including
complete input and output files, on diskettes or in {BM-compatible-computer readable form acceptable to
the Commission to enable spot checks.

e Compliance Supplement. A copy of the Compliance Supplement discussed in Chapter 8. The Compliance
Supplement and the ACM User's Manual may be combined into the same document.

e Copy of the ACM. A magnetic media copy of the ACM (in {BM-PC-compatible-orothera format agreed to
by the Commission staff) for verification of analyses and random verification of compliance analyses.

Weather data must be included.

e Application Fee. An application fee of $1,000.00 (one thousand dollars) is required to cover costs of
evaluating the application.

1.4 Types of Approval

This Manual addresses three types of ACM approval: full approval, streamlined approval of new program
features, and amendments to full approvals.

1.4.1 Full Approval

Full approval is required when a candidate ACM has never been previously approved by the Commission,
and/or when the ACM vendor makes changes to the executable program code or algorithms, or any other
change that in any way affects the results. The Commission may also require that all ACMs be approved again
when the standards are updated on the three-year cycle or whenever substantial revisions are made to the
approval process, for instance, if new analysis capabilities come into widespread use, and the Commission
declares them to be minimum capabilities for all ACMs.

When re-approval is necessary, the Commission will notify all ACM vendors of the timetable for renewal. There
will also be a revised ACM Approval Manual published, with complete instructions for re-approval.

Full approval is required for all ACM changes, unless they qualify for the streamlined approval process or for an
addendum, as discussed below.

1.4.2 Streamlined Approval

Certain types of changes may be made to approved residential ACMs through a streamlined procedure.
Examples of changes that qualify for streamlined approval are modifications to the user interface or
implementation on a different operating system as long as there are no changes to the executable program
code that would in anyway affect the results.

If an ACM modification qualifies for streamlined approval, then the following procedure is followed:

e The ACM vendor prepares an addendum to the compliance supplement, when appropriate, describing the
change to the ACM.

o The ACM vendor notifies the Commission by letter of the change. The letter must describe in detail the
nature of the change and why it is being made. The natification letter shall be included in the Compliance
Supplement.

Overview Types of Approval
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o Provide the Commission with an updated copy of the ACM and include any new reports created by the
ACM (or modifications in the standard reports).

e The Commission responds in 45 days. The Commission response may take several forms. The
Commission may request additional information, refuse to approve the change or require that the ACM
vendor make specific changes to either the Compliance Supplement addendum or the ACM.

o With Commission approval, the vendor may issue new copies of the ACM with the Compliance
Supplement addendum and notify ACM users and building officials.

1.4.3 Amendments

An ACM approval must be amended when optional modeling capabilities are added. The vendor must provide
the additional computer runs required for the optional modeling capability. It is not necessary to include
computer runs previously submitted.

An amendment to an approved ACM must be accompanied by a cover letter explaining the type of amendment
requested, and copies of other documents as necessary. All items on the application checklist should be
submitted, when applicable. The timetable for approval of amendments is the same as for full approval.

1.4.4 When Approval Is Not Required

Changes that do not affect compliance with the Energy Efficiency Standards for Residential Buildings do not
require full or streamlined approval. However, the ACM vendor must notify the Commission and provide the
Commission with an updated copy of the program and user manual. Re-approval is required for any ACM
program change that affects the energy use calculations for compliance, the modeling capabilities for
compliance, the format and/or content of compliance forms, or any other change which would affect a building's
compliance with the Standards. Any questions regarding applicable approval procedures should be directed to
the Commission.

1.5 Challenges

Building officials, program users, program vendors or other interested parties may challenge any residential
ACM approval. If any interested party believes that a compliance program , an algorithm, or method of
calculation used in a compliance program, a particular capability or other aspect of a program provides

inaccurate results, the party may challenge the program . {See-SectionDecertificationof ACMs;fora
description-of the-process-fora-challenge-)

1.6 Decertification of ACMs
The Commission may decertify (rescind approval of) an alternative calculation method through various means:

e All ACMs are decertified when the standards undergo substantial changes, which usually occurs every
three years.

e Any ACM can be decertified by a letter from the ACM vendor requesting that a particular version (or
versions) of the ACM be decertified. The decertification request must briefly describe the nature of the
program errors or "bugs" which justify the need for decertification.

¢ Any "initiating party" may commence a procedure to decertify an ACM according to the steps outlined
below. The intent is to include a means whereby serious program errors, flawed numeric results, improper
forms and/or incorrect program documentation not discovered in the certification process can be verified,
and use of the particular ACM version discontinued. In this process, there is ample opportunity for the
Commission, the ACM vendor and all interested parties to evaluate any alleged errors in the ACM
program.

Challenges Overview
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Process. Following is a description of the process for challenging an ACM or initiating a decertification
procedure:

1. Any party may initiate a review of an ACM's approval by sending a written communication to the
Commission's Executive Director. (The Commission may be the initiating party for this type of review by
noticing the availability of the same information listed here.)

The initiating party shall:
(a) State the name of the ACM and the program version number(s) which contain the alleged errors;
(b) Identify concisely the nature of the alleged errors in the ACM which require review;

(c) Explain why the alleged errors are serious enough in their effect on analyzing buildings for compliance
to justify a decertification procedure; and,

(d) Include appropriate data on IBM PC compatible floppy diskettes and/or information sufficient to
evaluate the alleged errors.

2. The Executive Director shall make a copy or copies of the initial written communication available to the
ACM vendor and interested parties within 30 days.

3. Within 75 days of receipt of the written communication, the Executive Director may request any additional
information needed to evaluate the alleged ACM errors from the party who initiated the decertification
review process. If the additional information is incomplete, this procedure will be delayed until the initiating
party submits complete information.

4. Within 75 days of receipt of the initial written communication, the Executive Director may convene a
workshop to gather additional information from the initiating party, the ACM vendor and interested parties.
All parties will have 15 days after the workshop to submit additional information regarding the alleged
program errors.

5. Within 90 days after the Executive Director receives the application or within 30 days after receipt of
complete additional information requested of the initiating party, whichever is later, the Executive Director
shall either:

(a) Determine that the ACM need not be decertified; or,
(b) Submit to the Commission a written recommendation that the ACM be decertified.

6. The initial written communication, all other relevant written materials and the Executive Director's
recommendation shall be placed on the consent calendar and considered at the next business meeting
after submission of the recommendation. The matter may be removed from the consent calendar at the
request of any person.

7. If the Commission approves the ACM decertification, it shall take effect 60 days later. During the first 30
days of the 60 day period, the Executive Director shall send out a Notice to Building Officials and
Interested Parties announcing the decertification.

All initiating parties have the burden of proof to establish that the review of alleged ACM errors should be
granted. The decertification process may be terminated at any time by mutual written consent of the initiating
party and the Executive Director.

As a practical matter, the ACM vendor may use the 180- to 210-day period outlined here to update the ACM
program, get it re-approved by the Commission, and release a revised version that does not contain the bugs
initially brought to the attention of the Commission. Sometimes the ACM vendor may wish to be the initiating
party to ensure that a faulty program version is taken off the market.

1.7 Alternative ACM Tests

This Manual provides tests to verify that ACMs are accurate. These tests are provided in Chapters 5 and 6 of
the Manual. An ACM vendor may propose alternate tests when the vendor believes that one or more of the
standard tests are not appropriate for the ACM. Alternate tests will be evaluated by the Commission and will be

Overview Alternative ACM Tests
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accepted if they are considered reasonable. If accepted, the alternate test(s) will be added to this manual as an
addendum and the alternate test(s) will be available for use by all ACMs. The alternate test will coexist with the
standard test presented in this Manual until the Manual is revised. When a new version of this Manual is
produced, the alternative test may be substituted for the current test or may continue to coexist with the original
test.

1.8 Approval of New Exceptional Methods

The Commission may approve new exceptional methods. Exceptional methods are special modeling
capabilities or calculation methods necessary to recognize building features that cannot be adequately
modeled with existing ACMs. When an Exceptional Method is approved, a new optional capabilities test may
be approved as part of the process. Exceptional Methods do not necessarily produce optional capabilities for
ACMs. For instance, radiant heating systems are recognized by an adjusted equipment efficiency that may be
used directly in ACMs or other compliance methods. To be approved for the new optional capability, vendors
must amend their ACM approval.

Even if an ACM already incorporates the Exceptional Method, the vendor must receive approval to use the
Exceptional Method in the compliance process. The ACM vendor must demonstrate that the ACM
automatically uses the correct fixed and restricted inputs for the Exceptional Method and that the standard
reports identify the building feature(s) recognized by the Exceptional Method. Additionally, the ACM compliance
supplement must be updated, referencing the use of the new Exceptional Method.

To receive a copy of the Exceptional Method contact the Residential Office at (916) 654-4064.

Approval of New Exceptional Methods Overview
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2. Standard Reports

NOTE TO READERS. THE CF-1R AND C-2R HAVE BEEN CONSOLIDATED. ALL REFERENCES TO THE C-2R HAVE BEEN
REMOVED.

2.1 General

For consistency and ease of enforcement, the manner in which building features are reported by ACMs must
be-is standardized. This section of the ACM Approval manual describes the required standard reports. All
residential ACMs must automatically produce compliance reports in-the-Commission-preseribed-formatas
specified in the-following-sections-of this-Manualthis Chapter. These Standard Reports are required to enable
building officials to evaluate the results from ACMs without having to learn each computer program. Included in
every compliance package will be reports CF-1R and G-2Rother related forms, which are described in detail
below.

Both-the-The CF-1R and-the-C-2R-must have two highly visible sections, one for Special Features and
Modeling Assumptions and a second for features requiring Field Verification and/or Diagnostic Testingby
approved-home-energy-rating-system{(HERS ) providers. These two sections serve as “punchlists” forspecial
consideration-during compliance verification by the local building department. Items listed in the Special
Features and Modeling Assumptions section indicate the use for compliance of unusual features or
assumptions, and call for special care by the local building department. ltems listed in the Field HERS
Reguired-Verification and D/aqnost/c Test/nq sectlon are for features that rety—ee equire d|agnost|c testmg or
independent verification by A 5
insure proper field installation in addltlon to local bundlng department mspectlon

Only user inputs are described and included in the standard reports. The fixed and restricted inputs are not
included in the standard reports since ACMs must be designed so that the fixed and restricted inputs and
default values in the absence of specific user input are automatically used when the program is used for
compliance.

Forcomplianceforms;tThe structure and organization of the Standard Reports described in the subsequent
sections should be followed as closely as possible. The reports are divided into tabular listings that have a title,
column headings and data entries. The data entries shown in the listings that appear in this manual are typical
values and are included only to illustrate the report format; they are not default values and cannot be assumed
to be in compliance with the standards. The specification of the category or type of data expected in each field
is provided in the list of definitions associated with each column heading. The type of data entries will be one of
the following:

e Text: A variable-length text field input by the user.

e Recommended Descriptor: An abbreviation or short name from lists or tables of permissible types provided
within this manual (e.g., LgStoGas). Only types found in these lists or tables may be used. Different
descriptors may be used by the ACM as long as they are reasonable descriptors for the list entry item and
are not misleading. In some cases where the descriptor is a short complete word, the descriptors are
prescribed and must be used. Even for prescribed descriptors some discretion is allowed. For example, for
tables with long rows Y may be used for the prescribed descriptor Yes. User-defined descriptors may NOT
be used but rather must be automatically assigned by the ACM based upon user input. For example,
UWALLO1 may be assigned by the ACM to the first user-defined wall type.

e Filename.ext: The name of the input or output file
¢ Dimensions or units of measure, such as "hr-ft2ft2-F°F /Btu", ft2ft?, etc.
e Num: A cardinal or ordinal number.

Moedifications-Deviations from the standard reports will be approved by the Commission on a case-by-case
basis when they are necessary because of conceptual differences between ACMs or because of special

Standard Reports General
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modeling features. The categories of information represented in the tables and the standard headings must not
be changed. Additional columns or additional tables may be added when necessary and column headings may
be abbreviated, and reports may be reformatted with different character spacing, line spacing, row heights or
column widths to permit better readability or paper conservation. ACMs may also provide additional customized
information at the bottom of the standard reports, separated from the standard report by a line.

Some of the tables in the standard reports are not applicable for all buildings. When a table is not applicable for
a particular building, it should be omitted. When one of the standard tables is included, all the columns should
be included (although column width may be reduced), even if some of the information in the columns is not
applicable to the proposed design.

The Standard Reports are designed to accommodate the optional modeling capabilities included in this
manual. Approval of additional optional modeling capabilities may require modification of the standard report
format.

2.2 Certificate of Compliance (CF-1R)
Standard Reports
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Standard Reports The Certificate of Compliance (report CF-1R) is the first standard report that must be
produced. The Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10).
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of Compliance is required by the Administrative Requirements (Title 24, Section 10). Standard Reports
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The Certificate of Compliance (report CF-1R) is the first standard report that must be produced. The Certificate
of Compliance is required by the Administrative Requirements (Title 24, Section 10). Standard Reports
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Standard Reports The Certificate of Compliance (report CF-1R) is the first standard report that must be
produced. The Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10).
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The Certificate of Compliance (report CF-1R) is the first standard report that must be produced. The Certificate
of Compliance is required by the Administrative Requirements (Title 24, Section 10). Standard Reports
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LrgPkgHeatPump

GasCooling

Standard Reports The Certificate of Compliance (report CF-1R) is the first standard report that must be
produced. The Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10).



2-10 2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3

The Certificate of Compliance (report CF-1R) is the first standard report that must be produced. The Certificate
of Compliance is required by the Administrative Requirements (Title 24, Section 10). Standard Reports
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Standard Reports The Certificate of Compliance (report CF-1R) is the first standard report that must be
produced. The Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10).
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The Certificate of Compliance (report CF-1R) is the first standard report that must be produced. The Certificate
of Compliance is required by the Administrative Requirements (Title 24, Section 10). Standard Reports
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2Gas may be natural gas or propane.

Standard Reports The Certificate of Compliance (report CF-1R) is the first standard report that must be
produced. The Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10).
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{he-f/F/B) (Btuthr)

The Certificate of Compliance (report CF-1R) is the first standard report that must be produced. The Certificate
of Compliance is required by the Administrative Requirements (Title 24, Section 10). Standard Reports
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3 The complete appliance databases can be downloaded from the Energy Commission’s Internet FTP site
(ftp://energy.ca.gov/publ/efftech/appliance/). This requires database software (spreadsheet programs cannot handle some of the
larger files). To use the data, a user must download the database file (or files), download a brand file and a manufacturer file and then
decompress these files. Then download a description file that provides details on what is contained in each of the data fields. With
these files, and using database software, the data can be sorted and manipulated. Directories approved by the Commission may also
be used. Currently the Commission has approved the Gas Appliance Manufacturers Association (GAMA) Consumers' Directory of
Certified Efficiency Ratings for Residential Heating and Water Heating Equipment directory to be used to verify certification on some
residential appliances. The GAMA directory (Sections | and Il) can be used for gas furnaces, boilers and water heaters.

Standard Reports The Certificate of Compliance (report CF-1R) is the first standard report that must be
produced. The Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10).
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The Certificate of Compliance (report CF-1R) is the first standard report that must be produced. The Certificate
of Compliance is required by the Administrative Requirements (Title 24, Section 10). Standard Reports
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Standard Reports The Certificate of Compliance (report CF-1R) is the first standard report that must be
produced. The Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10).
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2.2 Certificate of Compliance —Residential Computer Method Summary-(C-2RCF-1R)

The Certificate of Compliance (report CF-1R) is the principal standard report that must be produced. The
Certificate of Compliance is required by the Administrative Requirements (Title 24, Section 10). The-second

The ComputerMethod-Summary-CF-1R (Residential Computer Performance) shall include all information
provided by the program user.

Information on the Certificate of Compliance and Computer Method Summary is provided below to illustrate the
use of all the standard tables.

2.2.1 Headings

The following heading shall appear on the first page.

CERTIFICATE OF COMPLIANCE: Page 1 of 4———C-2R

RESIDENTIAL COMPUTER PERFORMANCE METHOB-SUMMARY

Project Title Filename: Date:

Project Address Run Title: <runcode>
Documentation Author <initiation time>
'Telephone Building Permit #
Compliance Method Plan Check / Date
Location/Climate Zone Field Check/ Date

The Filename, Run Title, Runcode, and Initiation Time need not appear in the header as shown above but
must appear as part of the header information for all pages of the Certificate of Compliance.

The following heading shall appear on subsequent pages.

Cettificate of Compliance —Residential Computer Method Summary (C-2RCF-1R) Standard Reports
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CERTIFICATE OF COMPLIANCE: Page 2 of 4—C-2R
RESIDENTIAL COMPUTER METHOB-SUMMARYPERFOMANCE

Project Title Filename: Date:

Run Title: <runcedelinitiation-time> <runcode/initiation time>

e Project Title, Date, Project Address, Documentation Author and Telephone, and Climate Zone (text):
Display user inputs for these fields.

e Filename (filename.ext): The filename of the input file used to generate the compliance form.

e Compliance Method (text): The Alternative Calculation Method program name and version number (e.g.,
CALRES2 v2.01)

e <Runcode/lnitiation Time> (alphanumeric text): A unique runcode designation generated automatically by
the ACM to identify the specific run. This number and the initiation time changes with each run initiated by
the user even though the filename and Run Title may remain the same. The initiation time is the time
(including the hour and minute) that the compliance run was initiated by the user.

e Run Title (text): Optional user input item. Use for commentary or description of unique characteristics of a
particular run.

2.2.1 Energy Use Summary

This section compares the energy use of the proposed building to the energy budget of the standard design
building. All units in this table are TDV enerqy seuree (kBtu/fi2ft>-year). Energy is shown for space heating, |
space cooling and hot water. The space heating and cooling energy budgets are determined from the standard
design using the custom budget method. The water heating budget is calculated from the water heating

calculation methods described in this documentbudgetequation-contained-in-the-standards. ACM vendors may |

add additional columns to this report when appropriate, such as for multi-zone building analyses.

ENERGY USE SUMMARY~(kBtu/ft?-yr) |

TDV (kBtu/ftz-Mr) Standard Design Energy Budget Proposed Design Energy Use |
Space Heating 23.45 21.23

Space Cooling 10.34 8.23

\Water Heating 15.90 14.67

Total 49.69 44.13

Additional rows may be added to the table when necessary to accommodate energy uses that are to be
included in the analysis but cannot be easily assigned to one of the three principal categories. For example, an
additional row for miscellaneous electrical energy may be required if electric equipment energy use cannot be
assigned separately to heating, cooling or hot water.

Standard Reports Certificate of Compliance —Residential Computer Method Summary (C-2RCF-1R))
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2.2.2 General Information

This listing in the Certificate of Compliance follows the first page heading and provides basic information about

the building. A description of these data elements is given later in this chapter.

Th . . i . | oct

GENERAL INFORMATION

Floor Construction Type:

Conditioned Floor Area: 1384 ft?

Average Ceiling Height 10.2 ft.

Building Type: Single Family Detached
Building Front Orientation: 15 deg (North)

Glazing Area as % of Floor Area 14.4%

Average Fenestration U-factor 0.52

Average Fenestration SHGC 0.60

Number of Dwelling Units: 1

Number of Stories: 2

Slab on grade

Number of Conditioned Zones: 2

'Total Conditioned Volume: 11072 cf
Conditioned Slab Floor Area: 1384 ft?
'Total Conditioned Floor Area: 1384 ft2

e Conditioned Floor Area. The conditioned floor area of all building zones modeled in the computer run.

e Building Type. The type of building. Possible types are single-family detached, single-family attached
(which includes duplexes and halfplexes) multi-family (all other attached dwellings including
condominiums), addition alone, addition plus existing, or alteration.

e Building Front Orientation. The azimuth of the front of the building. This will generally be the side of the
building where the front door is located. A typical reported value would be "290° (west)". This would
indicate that the front of the building faces north 70° west in surveyors terms. The closest orientation on
45° compass points should be verbally reported in parenthesis, e.g. north, northeast, east, southeast,

south, southwest, west or northwest. When compliance is shown for multiple orientations, "all orientations"
may be reported. When "all orientations" is reported, the Special Features and Modeling Assumptions
listing shall describe shading features that vary with orientation.

Number of Dwelling Units. The total number of dwelling units in the building. This number may be a fraction
for cases of addition alone.

Number of Stories. The number of building stories as defined by the Uniform Building Code.

Floor Construction Type. The floor construction type determines the basis of the custom budget or the
standard design building; choices are slab or nonslab. Rules for determining the type of floor construction
are discussed in Chapter 3 of this Manual.

Number of Conditioned Zones. The number of conditioned zones modeled in the computer run.
Total Conditioned Volume. The total volume of conditioned space within the building.

Conditioned Slab Floor Area. The total area of slab floor (on grade or raised) with conditioned space above
and the ground or unconditioned space below. This is used to determine the standard design mass
requirement for buildings and the default values of the thermal mass requirements for the proposed design.

Total Conditioned Floor Area. The total floor area of conditioned space in the building to be permitted. This
area must be no less than the Conditioned Slab Floor Area specified above. The conditioned nonslab floor
area is the difference between the Total Conditioned Floor Area and the Conditioned Slab Floor Area and
is used to determine the thermal mass for the Standard Design, the default value of thermal mass for the
Standard Design, and the threshold thermal mass requirement for thermal mass credit in the Proposed

Cettificate of Compliance —Residential Computer Method Summary (C-2RCF-1R)
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Design. The conditioned nonslab floor area includes any nonslab floors, raised or not, and raised slab
floors with conditioned space above and below the floor.

2.2.3 Building Insulation

This listing summarizes the insulation levels and conditions for the opaque surfaces of the building and slab
perimeters. A separate row is to be provided for each unique condition. If a radiant barrier is used for a roof, the
ACM is required to report this feature. The ACM may either add a column, titled "Radiant Barrier" and place the
word "Yes" in the corresponding row, or the words "Radiant Barrier" are to be automatically placed in the
Location/Comments field in the row associated with the roof surface having the radiant barrier."

Metal-framed walls are reported in the frame type column. The use of metal-framed walls must be reported in
the Special Features and Modeling Assumptions listing since metal framing reduces the effective R-value of
cavity insulation by short circuiting heat flow. When a building has special field verification to assure quality
installation of insulation, ACMs offer compliance credit. However, the credit is all-or-nothing. Either all wall and
roof/ceiling constructions are verified, or there is no credit. When documentation authors take credit for quality
installation of insulation, this is a measure that is listed in the section below titled, Field Verification and
Diagnostic Testing.

BUILDING INSULATION

Component Frame Type Cavity Insulation Sheathing Total R-value Assembly U- Location/Comments
Type R-value Insulation R- factor
value
Wall Wd2x4@16"0c R11 R4 15.38 0.065 typical
\Wall Mti2x4@16”oc R-13 R-7 12.20 0.082 at garage
Mass Wall n/a R-5 R-0 6.29 0.159 Foundation
IRoof Wd2x6@24"oc R-38 R-0 38.5 0.026 Attic w/Radiant Barrier
IRoof Wd2x10@24”oc R-30 R-0 29.41 0.034 Vaulted Ceiling
Door n/a R-0 R-0 3.03 0.33
IFloor Wd2x12@24"oc R-19 R-0 27.03 0.037 crawl space
IFloor Wd2x10@16”oc R-19 R-0 20.83 0.048 Over garage
Slab Perimeter n/a R-7 n/a F2 = 0.76 uninsulated

e Component Type. Possible types are wall, mass wall, door, ceiling or roof, floor over crawl space, exposed
floor, slab perimeter, etc.

e Frame Type. Framing information shall include framing material [wood (Wd) or metal (Mtl) alternatively
steel (St/) or aluminum (Alu)], the nominal size of framing members [e.g. 2x4 for nominal 2” x 4”], and their
nominal spacing [@16”oc for “at 16 inches on center”’]. Metal framing is presumed to be steel framing
unless otherwise coded.

e Cavity Insul R-value. The R-value of the cavity insulation alone, not including framing effects, dry wall, air
films, etc. If no insulation is proposed, the response may be "none".

e Sheathing Insul. R-value: The sum total R-value of continuous insulation layers which are not penetrated
by framing members. These are for layers used specifically for insulation (R-2 or greater) and do not
include interior or exterior finish materials such as drywall or exterior siding layers unless they have
significant thermal resistance. For slabs-on-grade, report the R-value of slab edge insulation.

e Total R-value. The number one divided by the Assembly U-factor (the inverse of the Assembly U-factor or
1/U assembly) Founded to two digits to the right of the decimal point.

e Assembly U-factor. The U-factor for the assembly, including framing effects. Calculated U-factors are
rounded to three digits to the right of the decimal point. (U-factors are calculated using standard

Standard Reports Certificate of Compliance —Residential Computer Method Summary (C-2RCF-1R))
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engineering principles as documented in the Glossary, Appendix G of the Residential Manual4 under R-

Value)

e [ ocation/Comments. A description of where the component is located or other relevant information.

2.2.4 Building Zone Information

For most compliance documentation, only one row will be reported in this table. Additional rows are reported
when a proposed building is modeled as two zones (zonal control), or when attached, unconditioned spaces
are modeled, such as crawl spaces or sunspaces.

BUILDING ZONE INFORMATION

Zone Floor Area  Volume (ft3) # of Units  Zone Type Tstat Type Vent Height (ft)  Vent Area (ft2)
Name t2)
House 1384 11072 1 Conditioned Setback 2.0 32

e Zone Name. Each zone is given a name that is used to categorize information in the following tables.

e Floor Area (ft?). The floor area of the zone measured to outside wall. The sum of the floor area of all
conditioned zones must equal the conditioned floor area reported under "General Information”.

e Volume (ft3). The volume of the zone. The sum of the volume of all conditioned zones must equal the total
volume reported under "General Information".

e # of Units. The number of dwelling units in the zone. This number may be a fraction for cases of addition
alone or a building in which there are more zones than dwellings.

e Zone Type. This description controls some modeling restrictions, such as infiltration, internal and solar
gains, etc. Possible conditioned zone entries are Conditioned, Living and Sleeping. Possible unconditioned
zone entries include Unconditioned, CVCrawl and Sunspace.

e Thermostat Type. Possible conditioned zone entries are Setback, NoSetback, LivingStat, SleepingStat.
Additional thermostat types may be allowed for optional modeling capabilities.

o Vent Height (ft). The height difference between the "inlet" ventilation area and the "outlet" ventilation area.
The default ventilation height is determined by the number of stories: one story - 2 feet, two or more stories
- 8 feet. Different vent heights may be modeled but a non-default vent height is considered a special
feature or special modeling assumption that must be reported in the Special Features and Modeling
Assumptions listing for special verification. The ventilation height for other windows is the average height
difference between the centers of the lower operable window openings and the centers of the upper
operable window openings.

e Vent Area (ft?). This entry is either the default vent area which is assumed by the ACM based on entries in
the Fenestration Surfaces table or some other value entered by the user. A Vent Area value greater than
10% of the total rough-out opening area (all windows treated as opening type: “slider”) of all fenestration
must be reported in the Special Features and Modeling Assumptions listing for special verification.

2.2.5 Opaque Surfaces

A row shall be reported in this table for each unique opaque surface in the proposed building. Opaque surfaces
include walls, roofs, and floors-and doers. Low-rise residential buildings may have either Standard or Improved
envelope construction quality. This is a feature at the whole building level and not at the surface or construction
type level. Envelope construction quality is reported in the Field Verification and Diagnostic Testing section of
the CF-1R.

4 2001 Residential Manual, California Energy Commission Publication P400-00-029.
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For buildings that are modeled as multiple thermal zones, the opaque surfaces shall be grouped for each zone
and indicated with a header "Zone = <ZoneName>". Alternatively, an additional column may be added to the
table to indicate the zone the building element is next to. The zone name used in the header should be the
same as the name used in the table titled "Building Zone Information".

OPAQUE SURFACES
Surface Area (ft2) U-ValueU- Cavity Insul Sheath. Total R-  True Azimuth Tilt Sclar Form 3 Location/ Comments
Type factor R-value Insul. R-  value Gains Reference

value
Zone=Living
Wall 105.4  0.088 R-13 na 11.30 0 90 Yes Wall-1 Typical
Wall 1454  0.068 R-11 R-4 14.69 180 90 Yes Wall-1 Typical
Base 100 0.124 na R-6 8.08 0 90 Ne BWall-1 0-2 ft below grade
WallA
Base Wall 160 0.124 na R-6 8.08 0 90 Ne BWall-2 2-6 ft. below grade
B
Wall 176.8  0.088 R-13 na 11.30 270 90 Yes Wall-1 Typical
Roof 692 0.031 R-30 na 32.48 0 0 Yes Roof-1 Typical
Door 40 0.330 na na 3.03 0 90 Yes Door-1 Typical
Zone=Sleep
Wall 1454  0.088 R-13 na 11.30 0 90 Yes Wall-1 Typical
Wall 176.8  0.068 R-11 R-4 14.69 90 90 Yes Wall-1 Typical
Wall 1454  0.088 R-13 na 11.30 180 90 Yes Wall-1 Typical
Roof 692 0.031 R-30 na 32.48 0 0 Yes Roof-1 Typical
Zone=SunSpc
Wall 72 0.088 R-13 na 11.30 90 90 Yes Wall-1 Sunspace Wall
Wall 90 0.088 R-13 na 11.30 180 90 Yes Wall-1 Sunspace Wall
Wall 72 0.088 R-13 na 11.30 270 90 Yes Wall-1 Sunspace Wall
Roof 135 0.031 R-30 na 32.48 0 0 Yes Roof-1 Sunspace Roof

o Surface Type. Valid types are Wall, BaseWallA (0-1.99 ft below grade), BaseWallB (2.0-5.99 ft below
grade), BaseWallC (more than 6 ft below grade), Roof/Ceiling, and Floor. If floor is over a crawl space
(FIrCrawl), then the U-valueU-factors used in the custom budget run are based on having a crawl space.
Otherwise, they are not. Floor types and areas are also used to determine the default thermal mass for the
Proposed Design and the thermal mass for the Standard Design.

e Area (ft?). The area of the surface.

o Assembly Y-valueU-factor. The overall Y-valueU-factord-factor of the surface assembly. (U-valueU-factors
are calculated using standard engineering principles as documented in ACM Appendix IV. the-Residential

Manuals5-Appendix-G-and-AppendixH. Note that the U-factors reported in this table are the same whether

or not construction quality procedures are followed. There is a credit for construction quality, but it is
embedded in the software and not reported as adjustment to the U-factor.

e Cauvity Insul R-val. The rated R-value of the installed insulation in the cavity between framing members.
This does not include framing effects or the R-value of drywall, air films, etc. When insulating sheathing is
installed over a framed wall, the "Cavity Insul R-val" should report the insulation in the cavity only.

e Sheath Insul R-val. The sum total rated R-value of all installed layers of insulating sheathing (R-2 or
greater). Multiple sheathing layers must report the total of the sum of the R-values for all insulating
sheathing layers. Gypsum board and exterior siding layers are not included unless they have an R-value
greater than 2.0. Cavity insulation is not reported. The R-values of air films are not included
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e Total R-value. The total R-value of the opaque surface assembly. This includes framing effects and the R-
value of drywall, air films, etc. For below grade walls this value does not include the outside air film nor the
R-value of the adjacent soil or gravel. For raised floors over a crawlspace, this value does not include the
R-value for the crawlspace.

e True Azimuth. The actual azimuth of the surface after adjustments for building rotation. There are various
ways of describing the orientation or azimuth of surfaces. For ACMs approved by the CEC, a standard
convention must be used. The azimuth is zero degrees for surfaces that face exactly north. From this
reference the azimuth is measured in a clockwise direction. East is 90 degrees, south 180 degrees and
west 270 degrees.

e Tilt. The tilt of the surface. Vertical walls are 90°; flat roofs are 0°; floors are 180°.

e Form 3 Reference. A reference to attached Form 3's that may accompany the compliance documentation.
This name may also be referenced from the thermal mass table to indicate an exterior mass wall.

e Location/Comments. User provided text describing where the surface is located or other relevant
information.

2.2.6 Perimeter Losses

This table provides details about components of the building envelope that are modeled as perimeter losses.
Typical perimeter losses are slab edge losses, retaining wall losses, and losses from the base of controlled
ventilation crawl spaces. A row is provided in the table for each unique perimeter element. Note that a single
F2 factor is reported for slab edge losses for slab floor interiors that are carpeted or exposed based on a fixed
assumption of 20% of the edge adjacent to exposed slab. This assumption must be used and separate F2
values for different interior covering conditions may not be reported or modeled by an approved ACM.

For buildings that are modeled as multiple thermal zones, the items shall be grouped for each zone and
indicated with a header "Zone = <ZoneName>". Alternatively, an additional column may be added to the table
to indicate the zone the building element is next to. The zone name used in the header should be the same as
the name used in the table titled "Building Zone Information"

PERIMETER LOSSES

Perimeter Type Length (ft) F2 Factor Insul R-val Insul Depth (in) Location/Comments
Zone=Living

SlabEdge 76 0.75 R-3 8 Exposed edge
Zone=Sleep

SlabEdge 76 0.75 R-3 8 Exposed edge
Zone=SunSpc

SlabEdge 65 0.90 R-0 na Exposed edge

o Perimeter Type. The perimeter type. Possible types are slab edge, crawl space perimeter, etc. Names may
be abbreviated.

e Length (ft). The perimeter length in feet.
e F2 Factor. The perimeter heat loss factor (see Section 4.22).

e Insul R-Val. The R-value of the installed insulation. "R-0" or "None" should be reported when no insulation
is installed.

o Insul Depth (in). The depth that the insulation extends below the top surface of the slab in inches.

e Location/Comments. User provided information on the location of the perimeter element or other relevant
information.
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2.2.7 Fenestration Surfaces

The term "fenestration" is used to refer to an assembly of components consisting of frame and glass or glazing

materials. According to the standards, fenestration includes “any transparent or translucent material plus frame,

mullions, and dividers, in the envelope of a building.” Fenestration surfaces include windows, skylights and

glazing in doors or other transparent or translucent surfaces. Opaque doors are also included in this section

since they represent “openings” in the gross wall or roof, just like window or skylights. This listing reports

information about each fenestration surface. One row is to be included in the listing for each unique

fenestration condition. When compliance is for all orientations, the building facade orientations shall be

reported for the case with the “front” facing north or the orientation shall be reported as “Any”’, and the Special

Features and Modeling Assumptions listings must also indicate that compliance is for all orientations.

This listing must include information about each fenestration surface in the proposed building. Fenestration
surfaces include windows, skylights and glazing in doors or other transparent or translucent surfaces. One row
is included in the listing for each unique fenestration condition. ACMs must restrict users to select from a
limited list of exterior shading devices and their associated solar heat gain coefficients (SHGCs), namely, those
devices and SHGCs listed in for exterior shading devices. ACMs shall not allow users to enter custom shading
devices nor account for differences in alternative color, density, or light transmission characteristics. ACMs are

required to calculate, but not report, SHGC

and assumptions.

open

and SHGC, .4 Using 2001 Standards calculation procedures

For buildings that are modeled as multiple thermal zones, the fenestration surfaces shall be grouped for each
zone and indicated with a header "Zone = <Zone Name>". Alternatively, an additional column may be added to
the table to indicate the zone the building element is next to. The zone name used in the header should be the

same as the name used in the table titled "Building Zone Information"

FENESTRATION SURFACES

Fenestration Area (ft2) U-factor Fenes.SHGC True Tilt Exterior Shade Location / Comments
#/Type/Orien Az Type /ISHGC

Zone=Living

1 Wdw Front(N) 70.4 0.65 0.88 0 90

2 Wdw Left(E) 70.4 0.65 0.88 90 90 WveScrn/ 0.39

Zone=Sleeping

3 Wdw Back(S) 70.4 0.65 0.88 180 90

4 Wdw Right(W) 70.4 0.65 0.88 270 90 LvrScrn/ 0.36

e Fenestration #/Type/Orien. The # is a unique number for each different fenestration surface entry. The type
is Wdw (window) Dr (door) or Sky (skylight). The Orien (orientation) is the side of the building (front, left,
right or back) followed by the nearest 45° compass point in parenthesis (N, NE, etc.). When compliance is
for all orientations, only the side of the building may be reported (front, right, etc.)

e Area (ft?). The area of the surface in square feet. This should generally be the rough frame opening.

e U-valueU-factor. The rated YU-valueU-factor of the fenestration product, in Btu/h-ft2-°F.

e True Azimuth. The true (or actual) azimuth of the glazed surface after adjustment for building rotation. The
convention for describing the azimuth is standardized as discussed above under opaque surfaces.

e Tilt. The tilt of the glazed surface. Most windows will have a 90° tilt. Skylights typically have a tilt equal to
the corresponding roof surface.

e Fenestration SHGC: The solar heat gain coefficient of the fenestration.

o Exterior Shade Type/SHGC. The type of exterior shading device and its solar heat gain coefficient from .
“Standard/0.76” or “ “ must appear when no special exterior shading device is included in the building
plans. Standard (partial bugscreen) shading shall automatically be given for all window area without other
forms of exterior shading devices. This shading assumes that a portion of the window area is covered by
bugscreens. Other valid exterior shades include louvered screens (LvrScrn), woven sunscreen (WvnScrn),
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and Low Sun Angle Sunscreen (LSASnScrn). When used for compliance purposes, ACMs shall not allow
or accept input for user-defined exterior shades.

2.2.8 Solar Gain Targeting

This table is only used for special cases, such as sunspaces (an optional modeling capability, and hence a
Special Feature). Solar gains that enter conditioned spaces must be targeted to the air, but when glazing
surfaces enclose unconditioned spaces, such as sunspaces, the user is allowed to target all but 25% of the
solar gains from these surfaces to mass elements located within the unconditioned space. More than one row
of targeting data may be included for each glazed surface. Unassigned solar gain is targeted to the air in the
unconditioned space. At least 25% of the solar gain from any sunspace fenestration surface must be targeted
to high surface area lightweight mass or the air. At most 60% of the solar gain may be targeted to the slab floor
of a sunspace, especially in the summer. An ACM must automatically enforce these limits and inform the user
of any attempt to exceed these limits.

Note that the use of any optional capability such as sunspace modeling must be reported in the Special
Features and Modeling Assumptions listings. In addition, solar gain targeting must be separately reported in
the Special Features and Modeling Assumptions listings so that the local enforcement agency can verify that
these inputs are reasonable.

SOLAR GAIN TARGETING

Fenestration #/Type/Orien Mass Name Winter Fraction Summer Fraction

1 Wdw Front(N) SSSib 0.30 0.30

o Fenestration #/Type/Orien. The fenestration surface which transmits solar gain to an interior unconditioned
space thermal mass. This corresponds to an item in the fenestration surfaces table.

e Mass Name. The name of the mass element to which solar gains are directed. The mass name
corresponds to an item in the thermal mass table.

e  Winter Fraction. The fraction of solar gains targeted from the glazing surface to the absorbing thermal
mass when the building is in a heating mode.

o Summer Fraction. The fraction of solar gains targeted from the glazing surface to the absorbing thermal
mass when the building is in a cooling mode.

2.2.9 Overhangs

Overhangs are a minimum ACM capability and are described in this table.
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Figure R2-1 - Overhang Dimensions
OVERHANGS
Fenestration Overhang
#/Type/Orien Wdth Ht Lngth Ht Left Extension Right Extension
e mym

3 Wdw Back(S) 4.0 5.0 2.6 1.5 6.0 6.0

Fenestration #/Type/Orien. This corresponds to an item in the fenestration surfaces list.

Fenestration Wdth. The width of the rough-out frame opening for the fenestration (in feet) measured from
the edge of the opening on one side to the edge of the opening on the other side.

Fenestration Ht. The height of the rough-out frame opening for the fenestration (in feet) measured from the
bottom of the opening or frame to the top of the opening or frame.

Overhang Lngth "H". The horizontal distance in feet from the surface of the glazing to the outside edge of
the overhang.

Overhang Ht "V". The vertical distance (in feet) from the top of the glazing frame to the bottom edge of the
overhang at the distance “H” from the glazing surface. See Figure R2-1.

Overhang Left Extension. The distance in feet from the left edge of the glazing frame to the left edge of the
overhang. "Left" and "right" are established from an exterior view of the window.

Overhang Right Extension. The distance in feet from the right edge of the glazing frame to the right edge of
the overhang.

2.2.10 Side Fins

Side fins are an optional capability. If an ACM does not provide this option_or if the building does not have

sidefins, then this table is not used.
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Figure R2-2 - Side Fin Dimensions
SIDE FINS
Fenestration Left Fin Right Fin
#/Type/Orien Wdth Ht Dist from  Lngth Ht "Vv" Fin Ht Dist from  Lngth Ht"V" Fin Ht
fenes "H" fenes "H"
3 Wdw Back(S) 4.0 5.0 6.0 2.0 6.0 8.0 6.0 2.0 6.0 8.0

Fenestration #/Type/Orien. This must correspond to an item in the fenestration surfaces list.

Fenestration Wdth. The width of the rough-out opening for the fenestration (in feet) measured from the
edge of the opening or frame on one side to the edge of the opening or frame on the other side.

Fenestration Ht. The height of the rough-out opening for the fenestration (in feet) measured from the
bottom of the opening or frame to the top of the opening or frame.

Left Fin Dist from fenes. The distance in feet from the nearest glazing frame edge to the fin. "Left" and
"right" are established from an exterior view of the window.

Left Fin Lngth "H". The horizontal distance in feet from the surface of the glazing to the outside edge of the
fin..

Left Fin Ht "V". The vertical distance (in feet) from the top of the glazing frame to the top edge of the fin.
Left Fin, Fin Ht. The height of the fin, in feet.
Right Fin. Similar to Left Fin items.

2.2.11 Inter-Zone Surfaces

This listing is used only for proposed designs modeled as multiple thermal zones which is considered an
exceptional condition and must also be listed in the Special Features and Modeling Assumptions listings for the
CF-1R-andthe-C-2R. The Special Features and Modeling Assumptions listing must direct plan and field
checkers to the listings for Interzone Surfaces and Interzone Ventilation. The Interzone Surfaces listing
describes the characteristics of the surfaces that separate the zones.
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For buildings that are modeled with more than two thermal zones, the inter-zone surfaces shall be grouped so
that it is clear which zones are separated by the surfaces. The groupings shall be labeled "Between
ZoneName1 and ZoneName2" or some similar convention._This information may also be provided through
additional columns in the table.

INTER-ZONE SURFACES

Surface Type Area (ft2) U-valueU- Cavity Insul R- Sheath Insul R- Form 3 Location/Comments
factor val valu Reference

Between Living and Sunspc

\Wall 100 0.09 R-11 na Wall-2 Insulated partition
Glass 30 1.10 SglGls na Sliding glass door
Between Sleeping and Sunspc

\Wall 220 0.09 R-11 R-4 Wall-2 Insulated partition
Glass 10 1.10 SglGls na Window

Between Living and Sleeping

\Wall 206 0.293 R-0 na Wall-3 Gypsum partitions
Door 40 0.33 R-0 na Hollow core doors

e Surface Type. The type of surface separating the zones. Possible types are window, wall, etc.

e Area (ft2). The area of the surface in square feet that separates the zones.
e U-val. The U~valueU-factor of the surface.

e Cavity Insul R-val. The R-value of insulation installed in cavity of the framed construction assembly. This
does not account for framing effects, drywall, air films, etc.

e Sheath Insul R-val. The total R-value of all insulation layers (layers R-2 or greater) not penetrated by
framing. Excludes low R-value layers such as sheetrock, building paper, and air films.

e Form 3 Reference. A reference to attached Form 3's that may accompany the compliance documentation.

e Location/Comments. User provided information on the location of the inter-zone surface or other relevant
information.

2.2.12 Inter-Zone Ventilation

This listing is used for proposed designs that are modeled as multiple building zones. The modeling of multiple
building zones is considered an exceptional condition that must be reported in the Special Features and
Modeling Assumptions listings, which must also refer to the information in this listing when this listing is
generated by the ACM to echo user inputs for Inter-Zone Ventilation. If inter-zone ventilation is modeled, it
must be reported in this listing. It describes natural and/or mechanical ventilation systems that separate the
zones.

For buildings that are modeled with more than two thermal zones, the inter-zone ventilation items shall be
grouped so that it is clear which zones are linked by the items. The groupings shall be labeled "Between
ZoneName1 and ZoneName2" or some similar convention._This information may also be provided through
additional columns in the table.

INTER-ZONE VENTILATION

\Vent Type Inlet Area Outlet Area Height Diff. Fan Watts Fan Flow (cfm) Location/
Comments

Between Living and Sunspc
Natural 20 20 3 na na

e Vent Type. Possible types are natural and fan.

e Inlet Area. The area of the air inlet in square feet. This is used only when vent type is "natural".
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o Outlet Area. The area of the air outlet in square feet. This is used only when vent type is "natural”.

o Height Diff. The elevation difference between the inlet and the outlet in feet. This is used only when vent
type is "natural”. Default is two feet.

e Fan Watts. The fan power rating in watts. This is used only for sunspaces and only then when vent type is
"fan". Fan energy may be reported as a separate line item or added to the TDVseuree- energy for heating.

e Fan Flow (cfm). The cubic feet per minute of air flow provided when the fan is operating. This is used only
for sunspaces and then only when vent type is "fan".

e Location/Comments. User provided text describing where the item is located or other relevant information.

2.2.13 Infiltration/Ventilation

This listing is only produced when the applicant has used reduced infiltration measures or mechanical
ventilation measures to improve the overall energy efficiency of the Proposed Design while maintaining
adequate air quality. The use of reduced infiltration requires diagnostic blowerdoor testing by a certified HERS
rater to verify the modeled reduced leakage area and to ensure minimum infiltration/ventilation rates are
achieved. Relevant information regarding infiltration and ventilation must be reported in the HERS Required
Verification listings on the CF-1R. The listings must indicate that diagnostic blower door testing must be
performed as specified in ASTM E 779-9987(Reapproved-1992). Standard Test Method for Determining Air
Leakage Rate by Fan Pressurization. This listings must also report the target CFM50, required for the
blowerdoor test to achieve the modeled SLA and the minimum CFM50y (corresponding to an SLA of 1.5)
allowed to avoid backdraft problems. This minimum allowed value is considered by the Commission to be
“unusually tight” per the requirements of the Uniferm-California Mechanical Code.

When the target CFM50y, of the Proposed Design is below the value corresponding to an SLA of 3.0,
mechanical ventilation with a minimum capacity of 0.047 CFM per square foot of conditioned floor area is
required. This requirement for mechanical ventilation and minimum capacity must be reported in the HERS
Required Verification and the Special Features and Modeling Assumptions listings of the CF-1R. Also, the
HERS Required Verification listings must state that when the measured CFM50, is less than the minimum
allowed value, corrective action must be taken to either intentionally increase the infiltration or provide for
mechanical supply ventilation adequate to maintain the residence at a pressure greater than -5 pascals relative
to the outside average air pressure with other continuous ventilation fans operating. Mechanical ventilation may
also be used in conjunction with reduced infiltration to achieve even greater energy savings. When mechanical
ventilation is part of the Proposed Design the exhaust and supply fan wattages must be reported in this listing
and the HERS Required Verification listings. Whenever mechanical ventilation is modeled by the user or
required by modeling an SLA of 3.0 or less, the mechanical ventilation capacity selected by the user must be
greater than or equal to 0.047 cfm per square foot of conditioned floor area to be modeled by an approved
ACM. If the user enters a volumetric capacity that is less than 0.047 cfm/ft, the ACM must indicate an input
error to the user and block compliance output.

When reduced infiltration or mechanical ventilation is modeled, the Special Features and Modeling
Assumptions listings must include a statement that the homeowner’'s manual provided by the builder to the
homeowner must include instructions that describe how to use the operable windows or mechanical ventilation
to provide for proper ventilation.

INFILTRATION/VENTILATION DETAILS (Example Listing) |

Blower Door Leakage Target Blower Door Leakage Vent. Fan CFM Mechanical Vent Fans (Watts)
(CEM504/SLA) Minimum (CFM50,/SLA) (Supply/Exhaust) Supply/Exhaust
1250/2.9 586/1.5 200/300 50/75 |

e Blower Door Leakage Target (CEFM504,/SLA): The measured blower door leakage in cfm at 50 pascals of
pressurization and its equivalent Specific Leakage Area (SLA) value.

e Blower Door Leakage Minimum (CFM50,/SLA): The backdraft limit for the blower door leakage test which
corresponds to a Specific Leakage Area (SLA) of 1.5 which is considered to be “unusually tight” and must
satisfy the Uniform Mechanical Code requirements for “unusually tight” construction. The ACM must report
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in the HERS Required Verification listings that the Commission considers this minimum CFM and the
corresponding SLA of 1.5 or less to be “unusually tight” per the Uniform Mechanical Code. In the sample
listing given above a 1600 square foot house and the SLA lower limit of 1.5 is used to get the Blower Door
Leakage Minimum shown.

e Vent. (Ventilation) Fans (CFM):[Supply/Exhaust] The total volumetric capacity of supply fans and exhaust
fans listed separately, separated by a slash (or reported in separate columns). The balanced portion of
mechanical ventilation is the smaller of these two numbers while the unbalanced portion is the difference
between these two numbers. These values are reported in cubic feet per minute.

e Mechanical Vent. (Ventilation) Fans (Watts) [Supply/Exhaust]: The total power consumption of the supply
ventilation fans and the total power consumption of the exhaust ventilation fans in watts.

2.2.14 Thermal Mass for High Mass Design

This listing-table can only appear if and when the Proposed Design_qualifies as a ‘s-thermal-mass-exceeds-the
required-high mass thresheldbuilding (see Chapter 3). Exceeding-thismass-threshold-and-modeling-thismass
inthe-Proposed Design-is-also-High mass buildings are considered to be an exceptional condition and must be
reported in the Special Features and Modeling Assumptions listings on the CF-1R-and-the-G-2R. The table
specified below his-listing-shall-provides detail about the thermal mass elements in qualifying high mass the
building. One row is provided in the table for each mass element.

Thermal mass elements may be located within a single zone, they may separate zones or they may be located
on an exterior wall. Mass elements in each of these categories shall be grouped and labeled accordingly.
Additional columns may be added to the table to provide this information.

THERMAL MASS FOR HIGH MASS DESIGN

Mass Name Area (ft2) Thickness Volumetric Conduc-tivity Form 3 Inside Surface Location/Comments

(inches) Heat Capacity (Btu-in)/(hr- Reference R-value (hr-ft*-

(Btu/ft>-°F) ft-°F) °F)/Btu

IZone=Living
ExpSlb-L 273 3.5 28 .98 na 0 Exposed in living
CarSlb-L 419 3.5 28 .98 na 2 Carpeted in living
IZone=Sleep
ExpSlb-S 273 3.5 28 .98 na 0 Exposed in sleeping
CarSlb-S 419 3.5 28 .98 na 2 Carpeted in sleeping
IZone=SunSpc
SSSIb 450 3.5 28 .98 na 0 Sunspace slab
Between Sunspc and Living
SSWall 100 8.0 28 .98 na 0 Masonry wall

o Mass Name. The name of the mass element. This name may be referenced from the optional solar gains
targeting section of the fenestration surfaces table.

e Area (f2ft2). The area of the mass in square feet.

e Thickness. The mass thickness in inches.

e Heat Capacity. The volumetric heat capacity of the mass material in Btu/°F-ft*F-¢f.
e Conductivity. The conductivity of the mass material in Btu-in/he-f2ft2 -°F .

e Form 3 Reference. A reference to a wall Form 3. This may be used when a mass element is part of an
exterior wall to describe an exterior mass wall or the link between a mass material and an opaque wall
surface. The mass area should be the same as the sum of the wall surface areas that reference it.

e Inside Surface R-value. The thermal resistance of any material (such as carpet or tapestry) that may exist
on the inside surface of the thermal mass excluding air films. For instance, if a mass element is carpeted, a
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surface R-value of 2 is the fixed input. For mass elements that separate thermal zones, the surface R-
value may be reported separately for each side of the mass.

e Location/Comments. User provided information on the location of the mass element or other relevant
information.

Information is provided on the type of heating and cooling systems proposed for each zone of the building.
Data in the table is organized to accommodate any type of heating or cooling system so some of the
information is not applicable for all system types. When the information is not applicable, "na" is reported. Data
in this table should be organized first by thermal zones and then by heating and cooling systems. Note that the

thermostat type is reported under "Building Zone Information" described above.

For buildings that are modeled as multiple thermal zones, the items shall be grouped for each zone and
indicated with a header "Zone = <ZoneName>". The zone name used in the header should be the same as the
name used in the table titled "Building Zone Information”

HVAC SYSTEMS

Equipment Type Minimum Equipment Refrigerant Distribution_Type  Duct Maximum Adequate
Efficiency (or Water Charge and and Location R-value Allowable Airflow Level @
Heating System Name) Airflow Cooling 400 cfm/ton
Capacity
(Btu/hr)
Zone=Living
Furnace 0.78 AFUE N/A DuctsCrawl 4.2 N/A N/A
IAirCond-Split 10.0 SEER Yes DuctsCrawl 4.2 36,000 1200
Zone=Sleep
CombHydro Upper Floors N/A Baseboard na. N/A N/A
IAirCond-Split 10.0 SEER No DuctsAttic 4.2 24,000 800

e Equipment Type. The type of heating or cooling equipment. This is specified separate from the distribution
type. Required heating equipment and cooling equipment entries are listed in __and __. When the
proposed house is not air conditioned, the entry should be NoCooling. If more than one type of equipment
is specified, they may be listed on subsequent rows.

e Minimum Equipment Efficiency. The minimum equipment efficiency needed for compliance. The applicable
efficiency units should also be reported, for instance AFUE for furnaces and boilers, HSPF for electric
heating equipment, and SEER for heat pumps (cooling) and central air conditioners. In the case of
combined hydronic heating, the name of the water heating system should be identified. If equipment type is
Electric (other than heat pump), an HSPF of 3.413 should be entered, except for radiant systems which
use a maximum HSPF of 3.55.

e Refrigerant Charge-and-Aifflow. The choices are ‘Yes’ or ‘No’ where ‘Yes’ means that either refrigerant
charge and-airflow-are-is verified or a TXV is installed_and verified. This credit is applicable for split system

air conditioners and heat pumps. See-Section-2-1-forsystem-types-forwhich-this-creditcan-be-claimed-

The default distribution type and location is a ducted, central system with 100% of the ducts in the attic. If a
duct design is specified with duct locations on the plans but without specific duct surface areas (sizes and
lengths) specified, the Special Features and Modeling Assumptions listing shall specify the default duct

locations-that-are-specified-in-Section-3-78:4. To use DuctsCrawl or DuctsBsmt, all supply registers must be in

6  "Water Heating System Name" may be omitted from heading, except when combined hydronic systems are used.
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the floor and the Special Features and Modeling Assumptions listings must indicate that all supply registers are
in the floor.

e Duct R-value. The installed R-value for duct insulation. The minimum duct insulation is 4.2 which is
required by the mandatory measures section.

e Maximum Allowable Cooling Capacity (Btu/hr). The maximum allowable cooling capacity.

e Adequate Airflow Level @ 400 cfm/ton. The minimum airflow required to meet the adequate airflow criteria
calculated at 400 cfm/ton.
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Table R2-1 - HVAC Heating Equipment Descriptors

Recommended Descriptor

Heating Equipment Reference

CntrlFurnace

Gas- or oil-fired central furnaces, propane furnaces or heating equipment considered equivalent to a
gas-fired central furnace, such as wood stoves that qualify for the wood heat exceptional method.
Gas fan-type central furnaces have a minimum AFUE=78%. Distribution can be gravity flow or use
any of the ducted systems. [Efficiency Metric: AFUE]

Heater Non-central gas- or oil-fired space heaters, such as wall heaters floor heaters or unit heater.
Equipment has varying efficiency requirements. Distribution is ductless and may be gravity flow or
fan-forced.. Can refer to floor furnaces and wall heaters within the description field for CntrIFurnaces
[Efficiency Metric: AFUE]

Boiler Gas or oil boilers. Distribution systems can be Radiant, Baseboard or any of the ducted systems.

Boiler may be specified for dedicated hydronic systems. Systems in which the boiler provides space
heating and fires an indirect gas water heater (IndGas) may be listed as Boiler/CombHydro Boiler and
must be listed under “Equipment Type” in the HVAC Systems listing. [Efficiency Metric: AFUE]

SplitHeatPump

Heating side of central split system heat pump heating systems. Distribution system must be one of
the ducted systems. [Efficiency Metric: HSPF]

PkgHeatPump

Heating side of central packaged heat pump systems. Central packaged heat pumps are heat pumps
in which the blower, coils and compressor are contained in a single package, powered by single
phase electric current, air cooled, rated below 65,000 Btuh. Distribution system must be one of the
ducted systems. [Efficiency Metric: HSPF]

LrgPkgHeatPump

Heating side of large packaged units rated at or above 65,000 Btu/hr (heating mode). Distribution
system must be one of the ducted systems. These include water source and ground source heat
pumps. [Efficiency Metric: COP]

GasHeatPump Heating side of a gas-fired heat pump. Two efficiencies, a COP for the gas portion and a COP for the
electric portion. Descriptors expressed as COPheatinggas/COPheatingelectric.

RoomHeatPump Heating side of non-central room air conditioning systems. These include small ductless split system
heat pump units and packaged terminal (commonly called “through-the-wall”) units. Distribution
system must be Ductindoor. [Efficiency Metric: COP]

Electric All electric heating systems other than space conditioning heat pumps. Included are electric
resistance heaters, electric boilers and storage water heat pumps (air-water) (StoHP). Distribution
system can be Radiant, Baseboard or any of the ducted systems. [Efficiency Metric: HSPF]

CombHydro Water heating system can be storage gas (StoGas, LgStoGas), storage electric (StoElec) or heat

pump water heaters (StoHP). Distribution systems can be Radiant, Baseboard, or any of the ducted
systems and can be used with any of the terminal units (FanCoil, RadiantFIr, Baseboard, and

FanConv).

Table R2-2 - HVAC Cooling Equipment Descriptors

Recommended Descriptor

Cooling Equipment Reference

NoCooling

Entered when the proposed building is not air conditioned or when cooling is optional (to be installed
at some future date). Both the Standard Design equivalent building and the proposed design use the
same default system (refer to sections 3 and 4). [Efficiency Metric: SEER]

SplitAirCond Split air conditioning systems. Distribution system must be one of the ducted systems. [Efficiency
Metric: SEER
PkgAirCond Central packaged air conditioning systems less than 65,000 Btuh cooling capacity. Distribution

system must be one of the ducted systems. [Efficiency Metric: SEER]

LrgPkgAirCond

Large packaged air conditioning systems rated at or above 65,000 Btu/hr (cooling capacity).
Distribution system must be one of the ducted systems. [Efficiency Metric: EER]

RoomAirCond

Non-central room air conditioning cooling systems. These include small ductless split-system air
conditioning units and packaged terminal (commonly called ="through-the-wall=") air conditioning
units. Distribution system must be Ductindoor. [Efficiency Metric: EER]

SplitHeatPump

Cooling side of split heat pump systems. Distribution system must be one of the ducted systems.
[Efficiency Metric: SEER<65,000 Btu/hr EER>65,000 Btu/hr]

PkgHeatPump

Cooling side of central single-packaged heat pump systems with a cooling capacity less than 65,000
Btuh. Distribution system must be one of the ducted systems. [Efficiency Metric: SEER]

LrgPkgHeatPump

Cooling side of large packaged heat pump systems rated at or above 65,000 Btu/hr (cooling
capacity). Distribution system must be one of the ducted systems. [Efficiency Metric: EER]

GasCooling

Cooling side of a gas-fired heat pump or gas-fired air conditioner. Two efficiencies, a COP for the gas
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Recommended Descriptor Cooling Equipment Reference

portion and a COP for the electric portion. Descriptors expressed as
COPcoolingas/COPcoolingelectric.

RoomHeatPump Cooling side of non-central, room heat pump systems. These include small ductless split-system air
conditioning units and packaged terminal (commonly called &"through-the-wall’= ) units. Distribution
system must be Ductindoor. [Efficiency Metric: EER]

EvapDirect Direct evaporative cooling systems. The SEER is set to 11.0. The default distribution system location
is DuctAttic; evaporative cooler duct insulation requirements are the same as those for air conditioner
ducts. [Efficiency Metric: SEER]

EvaplndirDirect Indirect-direct evaporative cooling systems. The SEER is set to 13.0. The default distribution system
location is DuctAttic; evaporative cooler duct insulation requirements are the same as those for air
conditioner ducts. [Efficiency Metric: SEER]

RERETEorAFUE

Table R2-3 - HVAC Distribution Type and Location Descriptors

Recommended Descriptors HVAC Distribution Type and Location Reference
Ducted Systems Fan-powered, ducted distribution systems that can be used with most heating or cooling

systems. When ducted systems are used with furnaces, boilers, or combined hydronic/water
heating systems the electricity used by the fan shall be calculated using the methods
described later in this manual. R-value must be specified in "Duct R-value" column when a
ducted system is specified

DuctsAttic Ducts located overhead in the unconditioned attic space
DuctsCrawl Ducts located underfloor in the unconditioned crawl space
DuctsCVC Ducts located underfloor in a controlled ventilation crawl space
DuctsGarage Ducts located in an unconditioned garage space.
DuctsBasemt Ducts located in an unconditioned basement space
DuctsInEx12 Ducts located within the conditioned floor space except for less than 12 lineal feet of duct,
typically an HVAC unit in the garage mounted on return box with all other ducts in conditioned
space.
DuctsInAll HVAC unit or systems with all HVAC ducts located within the conditioned floor space, such as
gas-fired wall furnaces. This category is used also for systems such as wall furnaces having a
fan.
DuctsOutdoor Ducts located in exposed locations outdoors.
Ductless Systems Ductless radiant or warm/cold air systems using fan-forced or natural air convection and
hydronic systems relying upon circulation pumps and fan-forced or natural air convection, and
Furnaces Heating equipment such as wall and floor furnaces
Radiant Radiant electric panels or fanless systems used with a boiler, electric or heat pump water
heater, or combined hydronic heating equipment.
Baseboard Electric baseboards or hydronic baseboard finned-tube natural convection systems
2.2.16 —4.2 Package D specifications for the-applicable climate zone —Special Systems -

Hydronic Distribution Systems and Terminals

This listing must be completed for hydronic systems that have more than 10 feet of piping (plan view) located in
unconditioned space. As many rows as necessary may be used to describe the piping system. Note that
hydronic heating systems (combined or not) must be reported in the Special Features and Modeling
Assumptions listings. The entry for the Special Features and Modeling Assumptions listings must indicate any
additional listings that are reported for this feature so that the local enforcement agency can verify the
additional information needed to check this special feature.

Standard Reports Certificate of Compliance —Residential Computer Method Summary (C-2RCF-1R))




2-36 2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3

SPECIAL SYSTEMS - HYDRONIC DISTRIBUTION SYSTEMS AND TERMINALS

Distribution System Terminal Type Number (#) Piping Nominal Pipe Size (in) Insulation Insulation R-value
Name Run Length (ft) Thickness (in)
HydFanCoil FanColl 1 15 1.5 1.5 6.0

Baseboard 1 20 75 1 4.0

FanColl 1 15 5 1.5 4.0

System Name (text): Description given to the hydronic system.

Terminal Type (prescribed descriptor): The type of terminal equipment used in the system. Permissible
types: Listed in Table R2-4 - Hydronic Terminal Descriptors.

Table R2-4 - Hydronic Terminal Descriptors

Descriptor Hydronic Terminal Reference

FanColl Ducted fan coil used in central systems
Baseboard Baseboard convector using natural convection
RadiantFir Radiant floor

Piping Run Length (ft). The length (plan view) of distribution pipe located in unconditioned space, in feet,
between the primary heating/cooling source and the point of distribution.

Nominal Pipe Size. The nominal (as opposed to true) pipe diameter in inches.
Insulation Thickness (in). The thickness of the insulation in inches. Enter "none" if the pipe is uninsulated.

Insulation R-value (hr—ftz- %F/Btu). The installed R-value of the pipe insulation. Minimum pipe insulation for
hydronic systems is R-4 for 2" or smaller pipe, and R-6 for pipe diameter larger than 2".
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2.2.17 Water Heating Systems

Water Heating Systems

This set of listings includes information about water heating systems. A water heating system may serve more
than one dwelling unit_or a single dwelling unit may have more than one water heating system. A water heating
system may also have more than one water heater, but may have only one distribution system. Each water
heating system in the building is defined in one or more rows in the following table. Data in this table is
associated with data in the Water Heating System Credits Table; and the Water Heater Equipment Detail

Tableand-the-Water Heating-System-AssignmentsTable. When there are multiple water heater types in a

system, the last six-two columns may be repeated as necessary.

When an ACM models a water heating system that does not have a single separate water heater serving each
dwelling unit, it must be reported in the Special Features and Modeling Assumptions listings of the CF-1R. The
Special Features and Modeling Assumptions listing shall cross-reference the listing below whenever multiple
water heaters serve one or more dwelling units or when a single water heater serves more than one dwelling
unit. Information concerning auxiliary energy systems, the performance and features of instantaneous gas,
large storage gas and indirect gas water heaters, and combined hydronic equipment, if installed, must also be
included in the Special Features and Modelmq Assumpt/ons listing if energy credlt is taken for such systems.

WATER HEATING SYSTEMS_(Multiple systems in single dwelling unit)

System Areas Served or  Average Unit Distribution Recirculation Water Heater Number of WH
Name Number Units Size (ft?) System_in Unit(s) System Control Name in System
Jpper Upper Floors n.a. Recirc/Timer n. a. State100 31
IFloorsSystem 1

Lower Lower Floors n.a. Recirc/Timer n.a. State50 41
FloersSystem 2

KitchensSystem 3 Kitchen n.a. POUpOU n.a. Loch006 18

WATER HEATING SYSTEMS (Systems serving multiple dwelling units)

System Areas Served or  Average Unit Distribution Recirculation Water Heater Number of WH
Name Number Units Size (ft?) System in Unit(s) System Control Name in System
System 1 12 1450 Stnd RTm/Tmp State100 3

System 2 18 940 Stnd RDmd State50 4

o System Name. This is a user defined name for the water heating system that provides a link between the
water heating systems table, the Water Heating Systems Credits Tabletable, and the Water Heater/Boiler

Equipment Detail-System-Assignments- Tabletable.
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e Areas Served or Number of Units. In the case of a single dwelling unit having more than one water heating
system, this column would list the areas served. In the case of a single water heating system serving
multiple units, the number of dwelling units served would the entered.

e Average Unit Size (ft3). This column is only used for systems that serve multiple dwelling units. The value
entered is the average size of all the units served. Note: The distribution losses within the units for
multifamily buildings are always based on one-story.

o Distribution System in Unit(s)Fy/pe. Several specific distribution systems are recognized_for distributing
water within each dwelling unlt —The dlstrlbutlon system listed i in this column should be selected from
Table R2 5. . ,

e Recirculation System Control. This is only used for systems that serve multiple dwelling units. Enter a type
of control from Table R2-6.

o  Water Heater Name (text). This is a user defined name that provides a link between the Water Heater
System table and the Water Heater Equipment Detail table. This table may be repeated if different types of
water heaters are used in the same system.
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Table R2-5 - Water Heating Distribution System Descriptors—?iﬁaes7

Distribution System Measure Code Description

Pipe Insulation (kitchen lines) — Standard Case Stnd Standard (non-recirculating) potable water heating system with tank
storage remote from points of consumptive use. The pipe run from the
water heater to the kitchen is insulated, as required by the mandatory

measures.

Pipe Insulation (all lines) PIA All pipes from the water heater to the fixtures are insulated, not just the
one to the kitchen, which is mandatory.

Point of Use POU Point-of-use potable water heating system, within 8' of fixtures

Parallel Piping PP An individual pipe runs from a manifold at the water heater to each
fixture. This is also sometimes called homerun piping. Parallel piping is
often associated with PEX pipes.

Recirculation (no control) RNC Recirculation system, with no control. The pump runs continuously.

Recirculation + timer control RTm Recirculation system, with timer control. The pump operates on a
timeclock.

Recirculation + temperature control RTmp Recirculation system, with the pump controlled to maintain a minimum
temperature in the circulation system.

Recirculation + timer/temperature RTmTmp Recirculation system, with combination timer control and temperature
control.

Recirculation + demand control RDmd Recirculation system, with demand control.

Table R2-6 —Control Systems for Multi-Unit Distribution Systems

Type of Control Code Description

Uncontrolled Recirculation NoCtrl Circulation pump runs continuously.

Timer Control RTm Recirculation system, with timer control. The pump operates on a
timeclock.

Temperature Control RTmp Recirculation system, with the pump controlled to maintain a minimum
temperature in the circulation system.

Timer/Temp Control RTmTmp  Recirculation system, with combination timer control and temperature
control.

Demand Recirculation RDmd Recirculation system, with demand control.

7 This table is modified to be consistent with the water heating methodology contained in ACM RN.
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26Table R2-7 - Water Heater Types

Recommended Descriptor

Water Heater Reference

StoGas Gas, propane, or oil-fired storage tank 2 gal, input 75,000 Btu/hr
LgStoGas Gas, propane, or oil-fired storage tank, input > 75,000 Btu/hr
StoElec electric-resistance-heated storage tank 2 gal
InstGas instantaneous gas-fired, storage < 2 gal
InstElec instantaneous electric-resistance-heated, storage < 2 gal
StoHP electric heat pump with storage tank
IndGas storage tank indirectly heated by gas- or oil-fired source
Boiler boiler dedicated solely to hydronic space heating
SG-{storage-gas) {G-finstantancousgas)
SEAstorage-electric) LgG{large-storage-gas)
HP-{heatpump-waterheater) ndG{indirect gas)

Special-Water Heater/Boiler Equipment Details

This listing provides information about the energy characteristics of the water heaters or boilers used to provide

either domestic hot water or space heating through a combined hydronic (CombHydro) systems. This table

may be used for both NAECA and for non-NAECA water heaters. -This listing describes the equipment that

serves the water heating system or systems.

His-enby-necessaryto-complete this-table for combined-hydronic
syetemsrand—feenen—NAEGArwatqueaters—The |nformat|on in the table WI|| not be applrcable to every water
heater type

SPECIALWATER HEATER/BOILER /BOILER-EQUIPMENT DETAILS

ARFUE Combined

Efficiency Hydronic ~ Standby Tank Total
\Water Heater Efficiency  Units Tank Size  Rated Input Pump Loss R-value (hr- Pilot Light
Name Type {fraction) {fraction) (gal) (kBtuh) (watts) (fraction) ft>-°F/Btu)  (Btu/h)
CombHydState 100 Boiler 0.78 AFUE 40 60.00 na na na
BigRmWH LgStoGas 0.79 RE 50 75.00 0.04 15.30 na
Loch006 StoGas 0.78na- EF0-78 30 na. na. Na. na.
State100 StoGas 0.79na- EF0-79 30 40 40 na. Na. na.
Hydro
State50 StoGas 0.80na- EF0-80 40 na. na. Na. na.

e Water Heater Name (text): Name of water heater specified in the Water Heating Systems listing. In the

case of a hydronic system heater, the name should be unique in order to distinquish it from other water

heaters.

o Water Heater Type (recommended descriptor). The water heater type will be one of the following choices

from Table R2-7. The large storage gas water heaters are larger than the 75,000 Btu/h maximum input

rated by the National Appliance Energy Conservation Act (NAECA). Indirect gas water heaters are

essentially a boiler with a separate storage tank. Additional data required for large storage gas and indirect

gas types is entered later in the Water Heater Equipment Detail table. "Gas" is used for propane as well as

natural gas. If oil water heaters are used, the "gas" choices may be selected.

e FEfficiency. The efficiency of the water heater.
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Efficiency Units. Enter the units used for efficiency. For NAECA water heaters the energy factor (EF) will be

entered. Recovery efficiency is the performance measure for instantaneous gas water heaters (InstGas),
large storage gas/oil water heaters (LgStoGas) and indirect gas/oil water heaters (IndGas). It is also
required for storage gas/oil water heaters (StoGas) used in combined hydronic systems (CombHydro). The
value is taken from the Commission's appliance databases® or from the manufacturer's literature. If the
value is omitted for NAECA regulated water heaters, then the default value will be assumed. When boilers
are used to fire an indirect gas/oil water heater (IndGas), the value of the AFUE (see below) is used for the
recovery efficiency.

Tank Size (gal). The storage tank capacity in gallons. This input is applicable to all storage type water

heaters.

Combined Hydronic Pump (watts). This is needed only for electric combined hydronic systems. It is not

needed for storage gas or heat pump combined hydronic systems.

Rated Input (kBtu/hr): The energy input rating from the above directories or from the manufacturer's
literature. Entries are required for large storage gas/oil water heaters (LgStoGas), indirect gas/oil water
heaters (/IndGas), and when storage gas water heaters (StoGas/LgStoGas) or heat pump water heaters
(StoHP) are used in combined hydronic space heating systems (CombHydro).

Standby Loss (fraction): The fractional storage tank energy loss per hour during non-recovery periods
(standby) taken from the Commission's directories cited above. Applicable only to large storage gas water
heaters (LgStoGas).

Tank R-value (hr-ft*~F/Btu): The total thermal resistance of the internally-insulated tank and any external
insulation wrap. Applicable to large storage gas/oil (LgStoGas) and indirect gas/oil (IndGas) water heaters

only.

Pilot light (Btu/hr): The pilot light energy consumption rating from one of the Commission's directories.
Applicable only to instantaneous gas (InstGas) and indirect gas/oil (IndGas) water heaters.

8

9

The complete appliance databases can be downloaded from the Energy Commission’s Internet FTP site
(ftp://energy.ca.gov/publ/efftech/appliance/). This requires database software (spreadsheet programs cannot handle some of the
larger files). To use the data, a user must download the database file (or files), download a brand file and a manufacturer file and then
decompress these files. Then download a description file that provides details on what is contained in each of the data fields. With
these files, and using database software, the data can be sorted and manipulated. Directories approved by the Commission may also
be used. Currently the Commission has approved the Gas Appliance Manufacturers Association (GAMA) Consumers' Directory of
Certified Efficiency Ratings for Residential Heating and Water Heating Equipment directory to be used to verify certification on some
residential appliances. The GAMA directory (Sections | and Il) can be used for gas furnaces, boilers and water heaters.

See Footnote 3, Page 2-22.
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Table R2-8 summarizes the applicability of the inputs for the water heater types recognized by the calculation
method.

Table R2-8 - Water Heater Input Summary

NAECA

NAECA Storage NAECA Instant. Instant. Large
Input Item Storage Gas Electric Heat Pump Gas Electric Storage Gas Indirect Gas
Energy Factor Yes Yes Yes Yes Yes
Pilot Input, Btu Yes Yes Yes
Efficiency, %'° Yes Yes
Standby Loss, % Yes
Tank Volume, gal. Yes Yes Yes Yes Yes
Tank Insulation, R Yes Yes
Ext. Insulation, R Yes Yes
If Combined Hydronic System:
Rated Input, kBtuh Yes Yes Yes
Rated Input, kW4 Yes Yes
Recovery Eff, % Yes Yes Yes Yes
Pump Input, Watts Yes Yes Yes

10 May be recovery efficiency, thermal efficiency, or AFUE.
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INumber-of Units CFA-per-Unit Name(s)of System(s)

8 1000 UpperFloors
Kitshens

110 800 Lower Floors
Kitchens

Special Water Heating System Credits

-This section includes information about water heating auxiliary energy credits, if used. These features are
optional capabilities for ACMs and their use for performance compliance requires listing in the Special Features
and Modeling Assumptions listings of the CF- 1R—and—the—G—2—R The SpeCIal Features and Modelmg
Assumptions listing must cross-reference the A
any-of these-applicable optional water heating capabllltles a#e—modeled by the ACM

WATER HEATING SYSTEMS MISC (Example Listing)

System Name Solar Savings Solar System Wood Stove Wood Stove Combined
Fraction Type Boiler? Boiler Pump? Hydronic Pump

Power
(Watts)

Hydronic 0.00 None Yes Yes 60.00

DHW 0.64 Passive No No

Upper Floors .60 na. na.

SPECIALWATER HEATING SYSTEM CREDIFS

System-Name Solar-Savings-Fraction Pump-Energy-tYN Wood-Stove Boiler? Wood-Stove Boiler

€Ny Pump?-(¥/N)
UpperFloors 60 ¥ na: na:

e System Name. This is a name corresponding to a system name defined in the Water Heating Systems
table.

e Solar Savings Fraction. If the water heating system has a solar system to provide auxiliary heating, the
solar savings fraction is entered in this column. The solar savings fraction may be determined using f-Chart
or other methods afpproved by the CEC. A system may have solar auxiliary or a wood stove boiler, but not
both.

e Solar System Type (prescribed descriptor): Defines the general type of solar system. Permissible types:
Active (pump/blower assisted solar collection/circulation), Passive (natural collection/circulation), and None

e Wood Stove Boiler (Y/N). This is a yes/no response on whether or not the system has a wood stove boiler.
A credit may be taken for either solar systems or for a wood stove boiler, but not both.
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o Wood Stove Boiler Pump (Y/N). This is a yes/no response to indicate whether the wood stove boiler has a
recirculation pump.

e Combined Hydronic Pump (Watts): Required only for electric combined hydronic (Elec/, StoElec/ and
InstElec/CombHydro) systems. Not required for storage gas/oil or heat pump combined hydronic systems
(StoGas/, LgStoGas/, and StoHP/CombHydro).

2.2.18 Special Features and Modeling Assumptions

This listing must stand out and command the attention of anyone reviewing this form to emphasize the
importance of verifying these Special Features and the aspects of these features that were modeled to achieve
compliance or the energy use results reported. This listing in the Certificate of Compliance must include any
special features of the building that affect the building’s compliance with the standards and which are not
described elsewhere on the Certificate of Compliance. For example, water heating features, or auxiliary credits
must be listed under “Special Features and Modeling Assumptions” as well as being listed under a special
listing of their own. The use of certain non-default values must also be included in this list. These special
default values are indicated in the subsequent text. This listing should also include any variations in building
features necessary to achieve compliance in multiple orientations.

eemphaneeer—theenergy—eseresutt&reperted—Thls isa free format sectron for the G—CF 1R 2R—report to note

any special features about the building that are needed to verify compliance.

SPECIAL FEATURES AND MODELING ASSUMPTIONS: (Example Listing) Plan FieldSPECIAL FEATURES-AND
MODELING ASSUMPTIONS: £ T

[This house has Zonal control with multiple zones, interzone surfaces, and interzone ventilation.

- ) ,

[This building uses metal-framed walls that must meet mandatory insulation requirements. In this case R-7
|§heathinq has been used in addition to the R-13 cavity insulation. For these walls.

[This house uses a non-NAECA large storage gas water heater. Check the SPECIAL WATER HEATER/BOILER
DETAILS listing for specifications.

[This house has an attached sunspace with interzone surfaces, custom solar heat gain distribution and sunspace
thermal mass elements.

[This house is modeled with reduced infiltration and/or mechanical ventilation. Consequently the homeowner’s
manual provided by the builder to the homeowner must include operating instructions for the homeowner on how
lto use operable windows and/or mechanical ventilation to achieve adequate ventilation.

.2.19 Field Verification and Diagnostic TestingHERS Required Verification

hsted—m—thls—seetlen—Thls Ilstlng must stand out and command the attentlon of anyone rewewrng th|s form to
emphasize the importance of HERS-verification-Field Verification and Diagnostic Testing of these features and

the aspects of these features that were modeled to achieve compliance. or the energy use results reported.

Specific features that require diagnostic testing to assure proper installation require field testing and verification
by a certified home energy rater (HERS rater) under the supervision of a CEC- approved HERS provider, and
must be listed in this section. This listing must stand out and command the attention of anyone reviewing
this form to emphasize the importance of HERS verification of these features and the aspects of these features
that were modeled to achieve compliance or the energy use results reported.

All items in the HERS Required Verification listings must also report that the installer and HERS rater must
both provide the appropriate CF-6R documentation for proper installation, testing, and test results for the
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features that require verification by a HERS rater. The installer must document and sign the CF-6R to verify
compliance with design and installation specifications. The HERS rater must document and sign the CF-6R to
confirm the use of proper testing procedures and protocol, to report test results, and to report field verification
of installation consistent with the design specifications needed to achieve these special compliance efficiency
credits.

The ACM must ask the user if there are vented combustion appliances inside the conditioned space that draw
air for combustion from the conditioned space prior to any entry for reduced infiltration or mechanical
ventilation. Cooking appliances, refrigerators and domestic clothes dryers are excluded from this requirement.
If appliances other than cooking appliances, refrigerators and domestic clothes dryers are present and use
conditioned air for combustion, the ACM must instruct the user that reduced infiltration must not be modeled
when these devices are part of the Proposed Design and block data entries and ACM modeling of reduced
infiltration and mechanical ventilation. When the user indicates that such devices are present or when the user
models reduced infiltration or mechanical ventilation, the ACM must report in the Special Features and
Modeling Assumptions listings that reduced infiltration and/or mechanical ventilation are prohibited from being
modeled when vented combustion appliances, not excluded above, are inside conditioned space.

When a Proposed Design is modeled with a reduced target infiltration (CEM50y) that corresponds to an SLA
less than 3.0, mechanical ventilation is required and must be reported in the HERS Required Verification

listings.
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FIELD VERIFICATION AND DIAGNOSTIC TESTINGS Plan Field

This house is using reduced duct leakage to comply and must have diagnostic site testing of duct leakage
performed by a certified HERS rater under the supervision of a CEC-approved HERS provider. The results of the
diagnostic testing must be reported on a CF-6R form and list the target and measured CFM duct leakage at 25
pascals.

This house has tight construction with reduced infiltration and a target blower door test range between 586 and
1250 CFM at 50 pascals. The blower door test must be performed using the ASTM Standard Test Method for
Determining Air Leakage Rate by Fan Pressurization, ASTM E 779-9987 {Reapproved-1992).

This house is using an HVAC system with all ducts and the air handler located within the conditioned space. This
results in a higher distribution efficiency rating and must be visually confirmed by a certified HERS rater under the
Isupervision of a CEC-approved HERS provider. This verification must be reported on a CF-6R form.

WARNING: If this house tests below 586 CFM at 50 pascals, the house must either be provided with a ventilation
opening that will increase the tested infiltration to at least 586 CFM at 50 pascals (SLA = 1.5) OR mechanical
supply ventilation must be provided that can maintain the house at a pressure of at least -5 pascals relative the
outside average air pressure while other continuous ventilation fans are operating. Note also that the Commission
considers an SLA<1.5 to be “unusually tight” per the Uniferm-California Mechanical Code.

WARNING - Houses modeled with reduced infiltration are prohibited from having vented combustion appliances
other than cooking appliances, refrigerators and domestic clothes dryers that use indoor air for combustion inside

conditioned space.

mbalan
RO

ced-exhaustventilation-are-prohibited-from-having-vented
aRcea AaUsStverRthationare-proibrecHom-aviRg-ventea

2.2.20 Compliance Statement and Signatures

Signature requirements and other details on the compliance statement are included in Section 1.3 of the
Residential Manual.

COMPLIANCE STATEMENT

[This certificate of compliance lists the building features and performance specifications needed to comply with the Energy Standards in
[Title 24, Parts 1 and 6, of the California Code of Reqgulations, and the Administrative regulations to implement them. This certificate has
been signed by the individual with overall design responsibility. When this certificate of compliance is submitted for a single building plan to
be built in multiple orientations, any shading feature that is varied is indicated in the Special Features and Modeling Assumptions section.

Cettificate of Compliance —Residential Computer Method Summary (C-2RCF-1R) Standard Reports
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Designer or Owner (per Business & Professions Code)

Documentation Author

Name Name
Title/Firm Title/Firm
|Address IAddress

City & Zip Code City & Zip Code
Telephone Telephone

License Number

Signature/Date

Signature/Date

Enforcement Agency

Name

Title

lAgency

City

Telephone

Signature/Date
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3. Defining the Proposed and Standard Designs

The space conditioning energy budget for the low-rise residential Standards is a custom budget, that is, the
energy that would be used by a building similar to the Proposed Design, but that is modified to just meet the
requirements of the prescriptive standards. The building that is modeled to create the custom budget is the
Standard Design. This section of the ACM Approval Manual describes how the Proposed Design and Standard
Designs are defined.

For the Ihe—Proposed Des:gn the i

Ihe—user enters mformatlon to descrlbe the thermal characterlstlcs of the Qrogosed buﬂdmg envelope mcludlng
its surface areas, air leakage, shading structures and attachments, thermal mass elements, heating and
cooling equipment and distribution systems, and water heating equipment and distribution systems. These
inputs are subject to a variety of restrictions which are defined in this section. Modeling assumptions and
algorithms for making energy calculations are described in Chapter 4.

The process of generating the Standard Design and calculating the custom budget must be performed
automatically by the program, based on the allowed and default inputs for the Proposed Design as well as the
fixed and restricted inputs and assumptions for both designs. The process of custom budget generation se
operations-shall not be accessible to program users for modification when the program is used for compliance
purposes or when compliance forms ean-be-are generated by the program. The Standard Design generator
must automatically take user input about the Proposed Design and create input-data-forthe Standard Design,
using all the applicable fixed and restricted inputs and assumptions_described in this Chapter and in Chapter 4.
All assumptions and algorithms used to model the Proposed Design must also be used in a consistent manner
in the Standard Design building.

The basis of the Standard Design is prescriptive Package D, which is contained in Section 151(f) of the
Standards. The Package D prescriptive requirements are not repeated here. However, the following sections
present the details on how the Standard Design is to be developed. Defining the Standard Design building
involves two steps.

o First, the geometry of the proposed building is modified from the description entered for the Proposed
Design.

e Second, building features and performance characteristics are modified to meet the minimum requirements

of compliance with package-Package D-of the-Standards.

3.33.1 Building Physical Configuration

Proposed Design. The building configuration is defined by the user through entries for heavy-andlight-floor
areas, wall areas, roof and ceiling areas, fenestration areas, and door areas. Each ;-which-are entered along
with performance characteristics such as U-factors, SHGC, thermal mass, etc. Information about the othe
orientation-of-these-building-elements—rientation and tilt is required for walls, fenestration and other elements.
The user entries for all of these building elements must be consistent with the actual building design and
configuration. If the ACM aetualhy-models the specific geometry of the building by using a coordinate system or

Defining the Proposed and Standard Designs Basis of the Standard Design - Package D



3-2 2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3

graphic entry technique, the building geometry must be as consistent as reasonably-possible-with-the-actual
building-designr-necessary to achieve thermal modeling accuracy.

Standard Design. The Standard Design building has the same floor area, volume, and configuration as the
Proposed Design, except that wall and window area are distributed equally between the four main compass
points, North, East, South, and West. The details are described below.

3:3:13.1.1 Conditioned Floor Area

Proposed Design. The ACM must require the user to enter the total conditioned floor area of the Proposed
Design as well as the conditioned slab floor area. The conditioned slab floor area is the area of a slab floor with
a minimum slab thickness of 3.5 inches or a minimum heat capacity of 7.0 Btu/ﬂﬂg—c’F and conditioned
space above and unconditioned space or the ground/gravel below. The non-slab conditioned floor area is the
total conditioned floor area minus the conditioned slab floor area._Stairwell floor area is the horizontal area of
the stairs and landings between two floors of each story of the house. The conditioned slab floor area may be
either on-grade or a raised slab.

Standard Design. The total conditioned floor area and the conditioned slab floor area of the Standard Design
building is the same as the Proposed Design.

Note. ACMs must keep track of the conditioned floor area and must at
least be able to keep separate track of the total conditioned floor area and conditioned slab floor area. These
areas are used to determlne the default thermal mass for the Proposed Design and the thermal mass for the
Standard DeSIQn Stairw A

3.3.23.1.2 Conditioned Volume

Proposed Design. The volume of the Proposed Design is the conditioned volume of air enclosed by the
building envelope. The volume must be consistent with the air volume of the actual design and may be
determined from the total conditioned floor area and the average ceiling height or from a direct user entry for
volume.

Standard Design. The volume of the Standard Design building is the same as the Proposed Design.

3.2 Opaque Envelope Elements

3.2.1 Envelope Construction Quality'’

Proposed Design. The ACM user may specify either Standard or Improved envelope construction quality for
the Proposed Design. The presence of Improved envelope construction quality must be reported in the Special
Features and Modeling Assumptions listings on the CF-1R. Improved envelope construction quality must be
certified by the installer and field verified.

Standard Design. The Standard Design shall be modeled with Standard envelope construction quality.

Note. Chapter 4 has the modeling rules for Standard and Improved envelope construction quality.

3:3.33.2.2 Ceilings/Roofs

Proposed Design. The ACM shall aIIow auserto enter one or more ceiling/roof areas for the Proposed

11 The justification for this change appears in Reference the revised Construction Quality paper to be completed the week of 10/13.

Opaque Envelope Elements Defining the Proposed and Standard Designs
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envelepeue#emen%s—The roof/ce|I|ng areas, construct|on assembhes, orlentatlons, and t||ts modeled must be
consistent with the corresponding areas, construction assemblies, and tilts in the actual building design and
must tetal-equal the overall roof/ceiling area with conditioned space on the inside and unconditioned space on
the other side. Except-as-indicated-inthe-next-sentence+{The Y-valueU-factor of the modeled assembly must
be the same as the U-valueU-factor of the actual assembly. U-factors must be calculated using the methods
and assumptions contained in ACM Appendix V. Ceiling construction assemblies that do not meet the
mandatory minimum Y-valdeU-factor required by Title 24 shall not be allowed. If the Proposed Design has
Improved envelope construction quality, then all ceiling/roof assemblies in the Proposed Design are modeled
accordingly (see Section 3.2.1_and Chapter 4).

Standard Design. The ceiling/roof areas of the Standard Design building are equal to the ceiling/roof areas of
the Proposed Design. The Standard Design roof and ceiling surfaces are assumed to be horizontal (no tilts)
and have a U-valueU-factor specific to the package D requirements. The U-factors in Table R3-1_shall be used
in the Standard Design for the appropriate R-value criteria in Package D. The Standard Design generator must
consider all exterior surfaces in the Proposed Design with a tilt less than 60 degrees as roof elements.
Surfaces that tilt 60 degrees or more are treated as walls._ The Standard Design is modeled with Standard
envelope construction quality.

Table R3-1 — Ceiling/Roof U-factors for Standard Design

Building Component R-value Requirement U-factor

Roof R-19 0.051
R-30 0.034
R-38 0.028

Outside Inside

v\! Inside
Walls have a tilt ) )
greater than 60 Roofs have a tilt Outside Floors have a tilt
but less than 120 less than 60 of 180 degrees
degrees from the degrees from the from the
horizontal horizontal

horizontal

Figure R3-1 - Surface Definitions

3-3.4Radiant Barriers

Proposed Design. The ACM must allow the user to input a radiant barrier. The presence of a radiant barrier
must be reported in the Special Features and Modeling Assumptions listings on the CF-1R-ard-C-2R.

Standard Design. The Standard Design shall have a radiant barrier in accordance with Package D
requirements._ When required by Package D, radiant barriers are required on all ceiling/roof surfaces. See
for radiant barrier eligibility criteria.

3.3.5Cool Roofs

Proposed Design. The ACM must allow the user to input a cool roof. The presence of a cool roof must be
reported in the Special Features and Modeling Assumptions listings on the CF-1R-and-C-2R.

Standard Design. The Standard Design shall be modeled without a cool roof. However, a radiant barrier is
required by Package D in many climates and the credit for a cool roof is similar to that of a radiant barrier (see

Chapter 4).

Defining the Proposed and Standard Designs Opaque Envelope Elements
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3:3.63.2.3 Wallss

Proposed Des:gn The ACM shaII allow a user to enter one or more waII areas for the Proposed Design-from

must be con3|stent with the correspondlng wall areas in the actual building design and the total wall area must
be equal to the gross wall area with conditioned space on the inside and unconditioned space or exterior
conditions on the other side. U-factors for Proposed Design wall constructions shall be calculated in a manner
consistent with ACM Appendix IV. If the Proposed Design has Improved envelope construction quality, then
walls are modeled accordingly (see Chapter 4). Walls include all surfaces with a slope greater than 60° but less

than 120° from the horizontal (see Figure R3-1).

Standard Design. The gross wall area in the Standard Design run is equal to the gross wall area of the
Proposed Design, including knee walls in the ceiling construction of the Proposed Design. The gross wall area
in the Standard Design is equally divided between the four main compass points, North, East, South, and
West Wlndow and door areas are subtracted from the gross WaII area to determme the net waII area in each

degrees—a;&een&dered—te—b&mef—su#aee&The Standard DeSan has Standard envelope constructlon qual|tv

U-factors for the Standard Design walls shall be those from Table R3-2 for the appropriate Package D R-value
criteria.

Table R3-2 — Wall U-factors for the Standard Design

Building Component Package D R-value Criteria Standard Design U-factor
Wall R-13 1BD
R-19 18D
-21 TBD

3.3.73.2.4 Basement Walls and Floors

Proposed Design. Portions of basement walls above grade mustshall be modeled as conventional walls
above grade. For below-grade basement walls, tFhe user must berequested-to-eenter the area ef-basement
at each of three3 depths: fromer -Zero-zero to 2 feet below
grade (shallow), greater than 2 feet to 6 feet below grade (medium), and greater than 6 feet below grade
(deep). The ACM shall allow users to enter as many wall types as necessary to model the propesed
constructionProposed Design. Fhe-ACM-must-use-the-same-method-fordeterminingtThe U-valueU-factor, C-

factor, and mass characteristics of below-grade walls shall be calculated using methods consistent with ACM

Appendix 1V. for-below-grade-walls-as-used-for-above-grade-walls—The default thermal performance

characteristics value-for the Proposed Design below-grade wall constructions shall be the same as the
Standard Design.

Standard Design. The Standard Design shall have the same basement wall areas as the Proposed Design
and at the same depths The Standard Design basement wall shall be assumed to be a wall with a Heat
Capacity of 15.7 Btu/(ft °F), a thickness of 8 inches, and an uniform R-value of 1.5. WHAT IS THE C-FACTOR? IS
THIS USED IN MICROPAS? U-FACTORS DO NOT MAKE SENSE FOR BELOW GRADE WALLS BECAUSE THEY INCLUDE THE
OUTDOOR AIR FILM. CHARLES ELEY.

3.3.83.2.5 Raised Floors

Proposed Design. In addition to the total conditioned floor area and total conditioned slab floor area_(see
3.1.1), ACMs mustallew-the-users shall te-enter floor areas for the standard raised floor construction types

listed in Table R3-3Fable-R3-2-and-atleast-three-user-defined-construction-types. The ACM must require user

input to be-able-te-distinguish floor areas and constructions that are over crawl spaces. The U-factor for ACM

Opaque Envelope Elements Defining the Proposed and Standard Designs



2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3 3-5

and-ts-documentation-mustinform-the userthatthefloor constructions and areas must be consistent with the
actual building design_and calculated in a manner consistent with ACM Appendix IV. =

Standard Design. The floor areas of the Standard Design are equal to the areas of the Proposed Design. The
e*pesed—ralsed floor Y-valueU-factor factor used—rprfor the Standard Desrgn is taken from Table R3-3_and depends

floor assembly in the Proposed Desrqn is Iocated over a crawl space For thls reason, tFhe ACM must keep
track of which raised floor surfaces are over crawl spaces and which are not.

Notes. The effect of a conventional crawl space is approximated with a thermal resistance of R-6; however, for

controlled ventilation crawl spaces (an optional capability), the crawl space is modeled as a separate thermal
zone and R-6 is not assumed. The R-6 value for a conventional crawlspace shall be automatically calculated
by the ACM and shall not be allowed as a user input. The U-factors in Table R3-3 account for the additional R-
6.

Table R3-3 — Floor U-factors for the Standard Design

Floor Type Package D Criteria U-factor
Raised Floor (crawl space) R-19 0.037
Raised Floor (no crawl space) R-19 0.049

3.3.93.2.6 Slab-on-Grade Perimeter

Proposed Design. The ACM must allow users to enter at least two different slab perimeter constructions and
their corresponding lengths. Typically, ACMs have no practical limit on the number of slab perimeter
constructions that may be entered. The default condition for the Proposed Design is AGCMs-must-assume-that
80% of any slab edge length entered is adjacent to rug-covered (R-2 for carpet and pad) slab and 20% is
adjacent to exposed slab on the conditioned side. F-factors for slab loss must be calculated using methods
conS|stent with ACM Appendlx IV and accuratelv represent the conditions in the actual bundlnq and-determine

ACM must be able to determlne the amount of slab edge adjacent to uncondltloned spaces separately from the
slab edge adjacent to the outside
Proposed Design, the F2 factor(s) may account for sIab perimeter insulation for both slab edges exposed to the
outside and slab edges adjacent to unconditioned spaces such as garages. Slab edges adjacent to garages
and unconditioned spaces may be considered to be insulated with R-7 insulation and have an EF-2-factor of
0.51.

Standard Design. The total slab perimeter length in the Standard Design is the same as in the Proposed
Design. For the Standard Design, the slab edge heatdess-F-factor, F2-is 0.76 for all climate zones except
Climate Zone 16 where the FF-factor2 is 0.51. See Package D. For the Standard Design unconditioned spaces
such as the garage are assumed to be detached. This gives a slight credit for having an attached garage since

the slab condition i in the Proposed Des:qn can be assumed to be msulated (see Proposed Design above)

Defining the Proposed and Standard Designs Opaque Envelope Elements
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Table R3-4 — Slab Perimeter F-factors for the Standard Design

Building Component Package D or Mandatory Minimum F-factor
Slab Edge None 0.76
R7 0.51

Note. The F2 Factor is determined based on the required assumption that 80% of the slab edge is adjacent to rug-covered slab and 20% is

adjacent to exposed slab.

3.3 Fenestration and Openings

3.3.103.3.1 Doors

Proposed Design. ACMs must allow users to enter at Ieast two different door construction types thelr
U factors, areas, and orrentatrons ,

accuratelv represent the doors mstalled in the burldrnq and be calculated in a manner consistent W|th ACM
Appendix V.

Standard Design. The Standard Design has 40 square feet of door area for each dwelling unit. All doors are
assumed to face north_and have a U-factor of 0.33. Fhis-means-thattThe net opaque wall area facing north is

reduced by 40 2ft2 -for each dwelling unit for the Standard Design run.

3.3.113.3.2 Fenestration Types and Areas'?

Proposed Design. ACMs must allow users to seleet-enter fenestration or window types, specify the U-factor,
SHGC, area, orientation, and tilt. Performance data (U-factors and SHGC) shall be NFRC values or taken from
#emthe CEC default tables— , - A

If the Proposed Des:qn fenestratlon area is less than 20%,
the Standard Design fenestration area is set equal to the Proposed Design fenestration area. Otherwise, the
Standard Design fenestration area is set equal to 20% of the conditioned floor area. The Standard Design
fenestration area is distributed equally between the four main compass points—North, East, South and West.
Fhere-is-no-skylightarea-intThe Standard Design renhas no skylights. The net wall area on each orientation is
reduced by the fenestration area (and door area) on each facade. The U-factor and SHGC performance factors
for the Standard Design are taken from the Package D specification.

12 The justification for this change appears in Eley Associates, “Residential Fenestration,” Measure Analysis and Life-Cycle Cost: 2005
California Building Enerqy Efficiency Standards, Part Il, May 16, 2002, p. 4-13. Presented at the May 30, 2002 workshop.

Fenestration and Openings Defining the Proposed and Standard Designs
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3:3.123.3.3 Overhangs

Proposed Design. ACMs must allow users to enter a set of basic generic parameters for a description of an
overhang for each individual fenestration or window area entry. The basic parameters must include
Fenestration Height, Fenestration-Width,-Overhang Length, and Overhang Height. ACM user entries for
overhangs may also include Fenestration Width, Overhang Left Extension and Overhang Right Extension.

Standard Design. The Standard Design does not have overhangs.

Defining the Proposed and Standard Designs Envelope Heat Loss Factors
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3.33.3.4 Solar Heat Gain Coefficients

Proposed Design. ACMs must require the user to enter the fenestration Solar Heat Gain Coefficient for each
window, skylight, or other fenestration system type-with-a-separate-area. This requirement may be met by
having the user select from a standard list of fenestration systems and sizes or by direct entry for user-defined
windows or skylights. In addition, for each window, skylight and fenestration element the ACM must require the
user to select an exterior shading treatment from the lists given in_Table R3-7. The ACM will then determine the
overall SHGC for the complete fenestration system based on the fenestration SHGC and the SHGCs assigned
to the Commission-approved exterior shading devices and assigned interior shading devices from and Table
R3-7Fable R3-4.

Standard Design. The Standard Design fenestration Solar Heat Gain Coefficients (SHGCs) are determined by
the appropriate Package D specifications for the applicable climate zone. Note that the frame type and the
presence or absence of muntins or dividers is irrelevant for the Standard Design as the Package D values for
SHGC¢gpn and the U-factor include the effects of fenestration features such as framing, dividers, and muntins.

3:43.3.5 Interior Shading Devices and-their Solar Heat Gain-Coefficients

Internally, ACMs shall use two values to calculate solar heat gain through windows: SHGCpen and SHGC yosed-
SHGCM_SHGGepeﬂ-is the total solar heat gain coefficient of the fenestration and its exterior shading device
when the operable interior shading device is open. SHGC pseq SHGCglgged IS the total solar heat gain
coefficient when the interior shading device is closed. SHGCM_SHGGepen-iS the setting that applies when the
air conditioner is not operating, which typically is most of the 24-hour period, while SHGC ;oseq SHGCglgsed

applies only for periods when the air conditioner operates. The Standard Design values for these SHGCs are
shown in below. SHGCM_SHGGepeH—and SHGCi0seq SHGGggged-are not user specified inputs. See

Chapter 4 for more details.

Envelope Heat Loss Factors Defining the Proposed and Standard Designs
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The ACM must require the user to directly or indirectly specify SHGCy, and frame type. The ACM must assign
an interior shading device as listed in and require the user to specify exterior shading device as listed in Table
R3-7Table-R3-4. The ACMs must calculate the overall SHGC for the fenestration with shading devices as
shown in Chapter 4.

For both the Proposed Design and the Standard Design, all windows are assumed to have draperies and
skylights are assumed to have no interior shading. The ACM Compliance Supplement must also explicitly
indicate that the ACM automatically gives credit for draperies for all windows and that credit is allowed only for
one exterior shading device.

Table R3-5 - Allowed Interior Shading Devices and Recommended Descriptors

Recommended Descriptor Interior Shading Attachment Reference Solar Heat Gain Coefficient
Standard Draperies or No Special Interior Shading - Default 0.68 (see Note 1)

Interior Shade
None (see Note 2) No Interior Shading - Only for Skylights 1.00

(Fenestration tilt <60 degrees)

Note (general): No other interior shading devices or attachments are allowed credit for compliance with the building efficiency standards.
Note 1: Standard shading shall be assumed for all fenestration with a tilt of 60 degrees or greater from horizontal.

Note 2: None is the default interior shading device in the standard and proposed design for fenestration tilted less than 60 degrees from
horizontal (skylights) and is only allowed for fenestration tilted less than 60 degrees from horizontal (skylights), i.e. None is not an interior
shading option for ordinary vertical windows

Table R3-6 - Standard Design Shading Conditions

Package Specification

Characteristic SHGC., = NR SHGC., = 0.40
SHGCfen 0.70 0.40

SHGCogen 0.68 0.39

SHGC0sed 0.63 0.37

Glazing Double Clear Double Clear
SHGC+o+int 0.647 0.378

Interior Shade Drapes (Standard) Drapes (Standard)
SHGC;t 0.68 0.68

Exterior Shade Bugscreen (Standard) BugScreen (Standard)
SHGCqy¢ 0.76 0.76

3.3.6 Exterior Shading Devices

Proposed Design. The ACM must require the user to either accept the default exterior shading device or
select from a speC|f|c Comm|SS|on approved list of exterlor shadlng devices for each fenestrat|on element. The

ch0|ce for extenor shadlng dewce is Standard wh|ch is aSS|gned an average SHGC of 0. 76 See Table R3-7
for other choices.

Standard Des:gn The Standard Des:qn shaII assume the default exterlor shadlnq WhICh is the standard buq

Defining the Proposed and Standard Designs Envelope Heat Loss Factors
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Table R3-7 - Allowed Exterior Shading Devices and Recommended Descriptors

Recommended Descriptor Exterior Shading Device Reference Solar Heat Gain Coefficient
Standard Bug Screen or No Shading ~Befault Bugsereens-are 0.76
modeled
WvnScrn Woven SunScreen (SC<0.35) 0.30
LvrScrn Louvered Sunscreen 0.27
LSASnScrn LSA Sunscreen 0.13
RIDwnAwng Roll-down Awning 0.13
RIDwnBInds Roll -down Blinds or Slats 0.13
None (see Note 1) For skylights only - No exterior shading 1.00

Note 1: None is the default for fenestration tilted less than 60 degrees from horizontal (skylights) and is only allowed for fenestration tilted
less than 60 degrees from horizontal (skylights)., i.e. None is not an exterior shading option for ordinary vertical windows.

p Soecificati
Characteristic SHGG,,=NR SHGG,,=0.40
SHGC 676 040

SHGGepen 0-68 039

SHGC15ced 0:63 037

Glazing DoubleClear Double-Clear

SHGC o tint 0:647 0.378

Interior-Shade Drapes{Standard) Drapes-{Standard)
SHGG;, 0-68 0-68

Exterior-Shade Bugsereen{(Standard) BugSereen-(Standard)
SHGGC 076 076

3-53.4 Thermal Mass

Fhe-performance-approach-is-based-enpPrescriptive Package D, the basis of the Standard Design, -ef-the
efficiency-standardswhich-has no thermal mass requirements. Package D and the performance approach

assume that both the Proposed Design and Standard Design building have a minimum mass as a function of
the conditioned area of slab floor and non-slab floor.

Proposed Design. The ACM-may-require-the-user-to-identify-whetherornot-the-Proposed Design will be

modeled with the same thermal mass as the Standard design unless the Proposed Design is a high mass

Thermal Mass Defining the Proposed and Standard Designs
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Standard Desrgn The condltloned slab roor in ACM-shallmedelthe Standard Design is assumed to be as
20% - exposed slab_and -80% slab ofthe
eendmeeed—slaecovered by carpet or casework The non-slab floor in the Standard Desrqn is assumed to be

5% ofthe-Proposed-Desigh’snonslab-floerarea-as-exposed 2-with two inch

thick concrete_with the remainder low-mass wood construction. No other mass elements are modeled in the
Standard Design. The Standard Design mass is modeled with the following characteristics.

e The conditioned slab floor area (slab area) shall have berrredeted—as—zg—pereer%e*pesed—therntral—mass
havmgLa thickness of 3.5 inches—; a volumetric heat capacity of 28 Btu/ft’-°F—; a conductivity of 0.98 Btu-

in/hr-ft’-°F._The exposed portion shall have and-a surface conductance of 1.3 Btu/hr-ft>-°F (no thermal

resrstance on the surface) and the covered podron#heurematmng%&@ef—theeendrtrened—slabﬂeeparea

theaddrttepre# shaII have a surface R—vatueconductance of 2 0 Btu/hr-ft? °E°F typ|caI of a carpet and pad.

e The “exposed” portion of the cGonditioned non-slab floor area shall have a thickness of 2.0 inches; a
volumetric heat capacity of 28 Btu/ft’-°°F; a conductivity of 0.98 Btu-in/hr-ft>-°°F: and a surface
conductance of 1.3 Btu/hr-ft>-°F (no added thermal resistance on the surface). These thermal mass
properties apply to the “exposed” portion of non-slab floors for both the Proposed Design and Standard
Design. The covered portlon of non-slab floors is assumed to have no thermal mass. be-medeled-with-5%

Proposed-DesignDefinition of High Mass Building. The-ACM-may-only-allow-the-userto-modelaAdditional
thermal mass in the proposed design may only be modeled when the equivalentthermalmassforthe
Proposed Design is a high mass building. A high mass building has mass equivalent to 30% of the conditioned
slab floor area being exposed slab and 15% of the conditioned non-slab floor area being exposed. ACMs may
let users reaches-a-specific-mass-threshold—The-ACM-may-require-thata-userindicate a high mass design
before entering the-user-is-allowed-to-enter-additional-mass elements for the proposed design, or ACMs can let
users enter mass elements but onIv consrder them in the proposed desrqn if the burldrnq qualrfres as a high

mass bundrng

abeve—ThermaI mass equwalencv is determlned throuqh the concept of &determme—thethresheld—thrs—mass—rs
converted-to-a-standard-nterior Mass-Capaecity-using-the Unit Interior Mass Capacity (UIMC) method-described
in Appendix {__

The thermal mass of the Proposed Design, other than the default mass-meodeled-forthe-Standard Design mass
is only modeled and displayed on compliance output if the Proposed Design qualifies as a design-has-more

equwatent—thermal—mass—than—the—hlgh massthreshetd uilding. IheAGMmay—reque—that—me—usepspee#y—that
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3:-83.5 Infiltration/Ventilation

The intentional or unintentional replacement of conditioned indoor air by unconditioned outdoor air creates heat
gains or heat losses for a conditioned building. This exchange of indoor and outdoor air occurs for all buildings
to a greater or lesser extent. Mechanical ventilation gives a certain degree of control of the rate of this
exchange and depending on the balancing of the ventilation may create building pressurization.

Proposed Design. As a default, ACMs shall not require the user to enter any values related to infiltration or
mechanical ventilation for air quality and shall set the infiltration level to be the same as the standard design.
Specific data on infiltration may be entered ACMs-shall-allow-a-userto-specifi-if they-the building will be using
diagnostically testeding during building construction or if they-wish-to-take-infilirationreduction-creditforaa
qualifying n-air-retarding wrap is specified.

Air Retarding Wrap. erreduced-ductleakage—An air retarding wrap can qualify for a default reduction in
Specific Leakage Area (SLA) of 0.50 without confirmation by diagnostic testing. The air retarding wrap must be
tested and labeled by the manufacturer to comply with ASTM E1677-95, Standard Specification for an Air
Retarder (AR) Material or system for Low-Rise Framed Building Walls and have a minimum perm rating of 10.
The air-retarding wrap must be installed per the manufacturer’s specifications that must be provided to comply
with ASTM E1677-95. The air retarder specifications listed above must also be reported in the Special
Features and Modeling Assumptions listings when an air retarder is modeled by the ACM.

Reduced Duct Leakage. The default infiltration (no diagnostic testing and measurement of infiltration) credit for
reduced duct leakage is also an SLA reduction of 0.50. The ACM shall automatically apply this credit when the
Proposed Design has ducts tested for low leakage. The use of this SLA reduction credit for Low-leakage HVAC
ducts must be listed in the Special Features and Modeling Assumptions listings of the CF-1R.

Diagnostic Testing for Reduced Infiltration. Neither of the_above se-credits may be taken if the user chooses a
diagnostic testing target for reduced infiltration. When the user chooses diagnostic testing, the diagnostic
testing shall be performed using fan pressurization of the building in accordance with ASTM E 779-1987
(Reapproved 1992), Standard Test Method for Determining Air Leakage Rate by Fan Pressurization and the
equipment used for this test must meet the instrumentation specifications found in ACM RF. The specifications
for diagnostic testing and the target values specified above must be reported in the HERS Required Verification
listings on the CF-1R.

medeled—by—the—AGM—lf the user speC|f|es they WI|| be usmg d|agnost|c testmg during constructlon for e|ther
reduced infiltration or reduced infiltration with mechanical ventilation, the ACM must require the user to choose
an-inputmenuto-enter a target value for measured CFM50y or the SLA corresponding to the target CFM504,
and, if mechanical ventilation is to be used, the wattage and cfm of the ventilation supply and exhaust fans.
Note that when the Proposed Design target value for reduced infiltration falls below a value corresponding to
an SLA of 3.0, mechanical ventilation is required and this requirement must be reported as described in
Chapter 2. Whenever mechanlcal ventilation is modeled (required or not), the volumetric capacity modeled
must be at least 0.047 cfm/ft’ of conditioned floor area. This minimum capacity is needed to provide adequate
ventilation for indoor air quality. If the user attempts to model total mechanical volumetric capacity (balanced +
unbalanced) less than 0.047 cfm/ft’, then the ACM must indicate an input error and automatically block
compliance output.

Tested infiltration below a value corresponding to an SLA of 1.5 is not allowed unless mechanical supply
ventilation is installed adequate to maintain the residence at a pressure greater than -5 pascals relative to the

Infiltration/Ventilation Defining the Proposed and Standard Designs
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Standard Design. The Standard Design does not use mechanical ventilation and assumes infiltration
corresponding to a Specific Leakage Area (SLA) of 4.9 for ducted HVAC systems and an SLA of 3.8 for non-
ducted HVAC systems. See Chapter 4

Referto-Sections 4 47-and-4-474for more detailed information.

3.5.1 Free Ventilation Area

Proposed Design: Free ventilation area for the proposed design is not entered by the user, but calculated
based on the types and areas of windows specified in the Proposed Design. The free ventilation area is
assumed to be 20% of the fenestration area for hinged type windows such as casements, awnings, hoppers,
patio doors and French doors that are capable of a maximum ventilation area of approximately 80% of the
rough frame opening. If the ACM user increases the ventilation area for hinged type windows, the ACM must
also consider the possible effect of fixed glazing in the building which has no free ventilation area (window
opening type Fixed). The ACM user may account for additional free ventilation area by entering the total area
for sliding windows, the total area for hinged windows, and the total area of fixed windows. The ACM must
verify that the total area entered for these three types is the same as the total area of windows calculated
elsewhere or the ACM may determine the area of fixed windows by subtracting the slider window area and the
hinged window area from the total window area if it is less than the total window and skylight area. If the total
window and skylight area is less than the area specified for sliding windows and hinged windows the ACM
must reduce the area of hinged windows by the difference. The total ventilation area is calculated from the
areas of the three possible fenestration opening types, as shown below:

Equation 4.1 Vent = (Area . x 0.1) + (Area x 0.2) + (Area x 0.0)
Area Slider Hinged Fixed

The ACM'’s ability to accept a customized ventilation area is an optional capability. When this optional capability
is used, the fact that the user entered a customized free ventilation area and the total areas of each of these
three fenestration opening types must be reported in the Special Features and Modeling Assumptions listings
on the CF-1R. Note that the maximum free ventilation area that may be modeled by any ACM for compliance
purposes is 20% of the total area of windows and skylights assuming that all windows and skylights are hinged.

Free ventilation area is the adjusted area taking into account bug screens, window framing and dividers, and
other factors.

Standard Design: The Standard Design value for free ventilation area is 10% of the fenestration area (rough
frame opening). This value assumes that all windows are opening type Slider. The approved ACM compliance
manual shall note that fenestration-opening type Slider also may be selected by the user or automatically used
by the ACM as a default or “Standard’ opening type.

3.5.2 Ventilation Height Difference

Proposed Design: The default assumption for the Proposed Design is 2 ft for one story buildings and 8 ft for
two or more stories. Greater height differences may be used with special ventilation features such as high,
operable clerestory windows. In this case, the height difference entered by the user is the height between the
average center height of the lower operable windows and the average center height of the upper operable
windows. Such features must be fully documented on the building plans and noted in the Special Features and
Modeling Assumptions listings of the CF-1R.

Standard Design: The Standard Design modeling assumptions for the elevation difference between the inlet
and the outlet is two feet for one story buildings and eight feet for two or more stories.

Defining the Proposed and Standard Designs Infiltration/Ventilation
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3.73.6_Heating and Cooling System

3.6.1 System Type

Proposed Design. ACMs must require the user to enter simple heating and cooling seasonal efficiencies that
are-used-to-characterize basic package single zone HVAC systems used to heat and/or cool the modeled
building. ACMs must be able to distinguish what fuel is being used to heat the building and what fuel is used to
cool the dwelling. This may be based on direct user input or indirectly determined from the user’s selection of
HVAC equipment types. ACMs must require the user to enter the type of distribution system that is used in the
proposed design.

Standard Design. The standard heating and cooling system for central HVAC systems is a single zone system
with ducts in the attic. The standard heating and cooling system for non-central HVAC systems is an unducted
system.

3.6.2 No Cooling

Proposed Design: When the Proposed Design has no air conditioning system, the Proposed Design is
nevertheless required to be model a split system air conditioner meeting the Package D requirements and with
ducts located in the attic.

Standard Design: The Standard Design has a split system air conditioning system meeting the Package D
requirements and with air distribution ducts located in the attic. . The Proposed Design has the same features
so that there is no penalty or credit.

3:7-13.6.3 Heating Equipment

Proposed Design. ACMs must be able to model the basic types of heating equipment listed in Table R3-8
Fable-R-2-3-except for combined hydronic space and water heating systems, which is an optional modeling
capability. ACMs must require the user to enter the basic information to model the energy use of these pieces
of equipment. At the-a minimum this includes some type of seasonal efficiency for heating and information on
whether or not the HVAC system has ducts_and the performance characteristics of those ducts. When-usinga
With gas heating systems, the ACM must require the user to identify if the gas heating system is ducted or non-
ducted. The gas heating system type must also be identified: -and-if-itis-a-central gas furnace; er-gas heat
pump system, or a non-central gas furnace system. If the system is a non-ducted non-central gas furnace
system, the ACM must require the user to select the type and size of the equipment from Table R3-8 where the
system size, as a default, may be determined as 34 Btu/hour per square foot of conditioned floor area. Forcentral

furnaces.13

" This material is now included in ACM chapter 4

Heating and Cooling System Defining the Proposed and Standard Designs
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Table R3-8 - Non-Ducted Non-Central Heating Equipment Default Efficiencies

Gas Fired Wall Furnaces, Floor Furnaces and Room Heaters

Location Type Size Seasonal Efficiency
Wall Fan Type up to 42,000 Btu/hour 73%
over 42,000 Btu/hour 74%
Gravity Type up to 10,000 Btu/hour 59%
over 10,000 Btu/hour up to 12,000 Btu/hour 60%
over 12,000 Btu/hour up to 15,000 Btu/hour 61%
over 15,000 Btu/hour up to 19,000 Btu/hour 62%
over 19,000 Btu/hour up to 27,000 Btu/hour 63%
over 27,000 Btu/hour up to 46,000 Btu/hour 64%
over 46,000 Btu/hour 65%
Floor Gravity Type up to 37,000 Btu/hour 56%
over 37,000 Btu/hour 57%
Room Gravity Type up to 18,000 Btu/hour 57%
over 18,000 Btu/hour up to 20,000 Btu/hour 58%
over 20,000 Btu/hour up to 27,000 Btu/hour 63%
over 27,000 Btu/hour up to 46,000 Btu/hour 64%
over 46,000 Btu/hour 65%

Standard Design. When electricity is used for heating, the heating equipment for the Standard Design shall be
an electric heat pump with a Heating Seasonal Performance Factor (HSPF) of 6.8, however, -exeept-when
Proposed Designs use a single package heat pump-enly, the Standard Design shall have a heat pump with

assume-an HSPF of 6.6. When electricity is not used for heating, the equipment used in the Standard Design
building shall be either a gas furnace with an Annual Fuel Utilization Efficiency (AFUE) of 0.78 for central
systems, or shall be a gas furnace of the type specified in the proposed design at the efficiency level shown in

Table R3-8 for non- central systems Mheﬁrepesed—Dengn%as—be#+eleemeandiess+HueLﬂred—heanng

—=0.0R L Ind Ind
Ve Z Ty = seasonal Tt equip 7T T recov
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- EFguation3d

1+(0.005x3.413) )
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ndist seasonal
SSE GasHeatPump,Heating = |— ‘| Equation-3-

I + J
LCOP COP,,,. . J

heatinggas heatingelectric

3:7-23.6.4 Cooling Equipment

Proposed Design. ACMs must be able to model the basic types of cooling equipment listed in Table
R3-10TFable-R2-3. ACMs must require the user to enter the basic information to model the energy use of these
pieces of equipment. At the minimum this includes some type of seasonal distribution system efficiency for
cooling, identification of whether the cooling system is ducted or non-ducted and whether it is central or non-
central. If the cooling system is non-ducted, non-central, the ACM must require the user to select the type and

S|ze of the equment from those shown in Table R3 10. Ih&e#rerenee&ef_mmleetm—eeehﬂgequment_aﬂd

Table R3-10 — Non-Ducted Non-Central Cooling Equipment Default Efficiencies

Room Air Conditioner Type
Reverse Cycle Side Louvers Cooling Capacity Energy Efficiency Ratio
Without With Less than 6,000 Btu 8.0
6,000 to 7,999 Btu 85
8,000 to 13,999 Btu 9.0
14,000 to 19,999 Btu 8.8
20,000 and more Btu 8.2
Without Less than 6,000 Btu 8.0
6,000 to 7,999 Btu 8.5
8,000 to 13,999 Btu 8.5
14,000 to 19,999 Btu 8.5
20,000 and more Btu 8.2
With With All 8.5
Without All 8.0

Standard Design. If a packaged ducted central air conditioner (PkgAirCond or LrgPkgAirCond) or ducted
central packaged heat pump (PkgHeatPump or LrgPkgHeatPump) is used for the Proposed Design, the
cooling system used in the Standard Design building shall be a single package air conditioner (PkgAirCond or
LrgPkgAirCond) with an SEER (seasonal energy efficiency ratio) ef£8-#meeting the minimum requirements for
packaged equipment. Otherwise, the cooling system for the Standard Design building with a central system
shall be a split system central air conditioner (SplitAirCond) with an SEER ef40-0meeting the minimum
Package D requirements for a split system. For non-ducted non-central cooling equipment, the efficiencies
shall be as shown in Table R3-10 for the type and size in the Proposed Design where the size may be a user
input or shall default to 24 Btu per hour per square foot of conditioned floor area. In the case of NoCooling for
the Proposed Design, the cooling system for the Standard Design building shall be a split system air
conditioner (SplitAirCond) with an SEER ef106-0meeting the minimum requirements for a split system. When a
Proposed Design uses both a split system air conditioner and another type of air conditioner, the Standard
Design SEER shall be a conditioned floor area weighted average of the equivalent SEER of the cooling

Heating and Cooling System Defining the Proposed and Standard Designs
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" This Material is now included in ACM Chapter 4.
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SEER
cZ 8 9 10 +“ 12 13 14 15 16 17 18
4 800 9:00 10-00 +-00 1200 13-00 1400 15-00 16-00 1700 18-00
2 +£9 875 97 1067 +H-52 4225 1296 13686 1434 45-00 1566
3 482 878 975 1072 +-59 1237 BA3 3-89 1463 1536 16-08
4 82 878 975 1072 59 1237 B33 13-89 1463 1536 16-08
5 94 892 994 46-90 +1-86 1278 1370 1464 1553 1644 1734
6 98 898 998 4097 +1-96 4294 1392 4490 1588 16-85 4783
¥ 95 894 993 10-92 -89 1283 1B8H 47 1565 16-58 1752
8 2 867 962 10-57 38 1206 1270 1334 1397 1460 1524
9 757 849 941 1033 1104 1163 12-00 1245 12-89 1331 1372
10 44 833 923 1043 1076 - 44 H76 1207 1236 1264
+“ 38 827 916 10-04 10-64 40-94 22 48 74 +-99 4222
12 743 8.33 9.22 1042 1074 1108 41 72 12.0% 1229 12.56
13 435 823 9+ 10-00 1057 10-83 +-08 H34 H53 H74 95
14 +16 804 885 970 1046 1024 1034 1038 1045 10-54 10-58
15 A7 8.02 8.87 971 10148 1026 10-34 1041 1048 10-54 1061
16 ++8 874 970 1065 H54 1224 1297 1368 1439 1509 15749

3.7.33.6.5 Refrigerant Charge or TXV'5and Airflow

Proposed Design. The ACM must allow the user to enter-a-central-ducted-cooling-system-indicate if the
cooling system has to be diagnostically tested for wﬁ#errefngerant charge aﬂeLa#ﬂewor has to have a f|eld

ver|f|ed thermal expanswn valve (TXV)eption

%Ne#XAA) These features reqwre field verlflcatlon or dlaqnostlc testlnq by—the—HERS—Fater—and must be

reported in the Special Features and Modeling Assumptions and Field Verification and Diagnostic Testing

HERS Required-Verification-listings on the CF-1R-anrd-C-2R.

Standard Design—Standard-Design. If a split system ducted central air conditioner or heat pump
(SplitAirCond or SplitHeatPump) is used for the Proposed Design then the cooling system used in the Standard
DeSIgn building shall be modeled W|th eha¥ee|ther d|aqnost|callv tested refrigerant charge or a field verified

W g ‘ valve-TXV if required by Package D.

"% The justification for this change appears in Eley Associates, “Residential Ducts,” Measure Analysis and Life-Cycle Cost: 2005

California Building Energy Efficiency Standards, Part Ill, July 3, 2002, p. 17-66. Presented at the July 18, 2002 workshop.
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3.7.43.6.6 Air Distribution Ducts and- HVAC -Seasonal Distribution System-Efficiency for
Ducted Systems

Proposed Design. As a default, HVAC ducts for ducted systems are assumed to exist and are located in the
attic. Likewise, as a default, the air handler is assumed to be located in the attic. Proposed HVAC systems with
a duct layout and design on the plans may locate the ducts in the crawlspace or a basement if the layout and
design specify that all of the supply registers are located in the floor and show the appropriate locations for the
ducts. When all of the supply registers are located in the floor or all of the supply registers are located in the
ceiling, the ACM can use ean-use-Table4-1-of AppendixFSection __ of Chapter 4 to allocate-determine
default the-duct surface areas. If all supply registers are in the floor, but the building has both a crawlspace and
a basement, the duct location may be taken as a floor area weighted average of the entries in Fable-4-4-of
AppendixESection __ of Chapter 4. If any story of a building has supply registers in both the floor and more
than two feet above the floor, the duct location for that story must be modeled as 100% ducts in the attic. If the
modeled duct location for a given story is not in the attic, the ACM must specify that all supply registers for that
story of the building (or the whole building) are located in the floor and this must be noted in the Special

Features and Modeling Assumptions listings for-special-verification-by-the local-enforcementageneyof the CF-
1R.

Proposed HVAC systems with a complete ACCA-ManualbBduct design, including the duct layout and design on
the plans, may allocate duct surface area in more detail in the ACM model but the distribution of duct surface
areas by location must appear on the Field Verification and Diagnostic Testing HERS-Required-\erification-list

of the CF- 1Rfewenﬂeahen—by—a—HERS—rater—

The HERS rater or Th|rd Partv Qualltv

rater-and-must-belisted-onthe HERS Required Verification-listings—
Control participant must alse-verify the existence of the-ACCA-Manual-b-duct design and layout and the

general consistency of the actual HVAC distribution system with the design. The HERS rater or Third Party
Quality Control participant must also measure and verify adequate the-fan flow, see _.-and-confirm-that-itis

consistentwith-the ACCA-Manual-D-design-specifications-:

The ACM shall allow users to specify if they will be using diagnostic testing of HVAC distribution efficiency of a
fully-ducted system by-a-HERSrater-during the construction of the building to confirm the modeling of improved |
HVAC distribution efficiency measures such as duct leakage. The default shall be that no diagnostic testing will
be done. Duct efficiency credits may not be taken and diagnostic testing may not be done on any HVAC

system that uses building cavities such as plenums or a platform return. If the user does not select diagnostic |
testing, the ACM shall require users to input at least two (2) basic parameters to determine HVAC distribution
efficiency: the total conditioned floor area of the building as specified above and the R-value of the duct
insulation which may be defaulted to R4-2the Package D requirements. Additional data may be required to
determine seasonal distribution system efficiency. The default input parameters are presented in Appendix
EChapter 4. If the user specifies diagnostic testing to be performed during construction, the ACM shall request
the user to enter the data described in-Seetion4-49__, Duct Efficiency and shall report all required
measurements and the features used to achieve higher HVAC distribution efficiencies in the Field HERS
Reguired-Verification_and Diagnostic Testing -listings_on the CF-1R. When the user chooses diagnostic testing,

the dlagnostlc testlng shall be performed as descrlbed in Appendlx RF D+agnest+s—tesmg—must—be—reperted—m

Standard Design. The standard heating and cooling system for central systems is assumed to have air
distribution ducts located in an attic space, 6% total tested duct leakage, non-ACCA-Manual-B-designed duct
system, and a radiant barrier in climate zones where required by Package D. The Standard Design duct

Defining the Proposed and Standard Designs Heating and Cooling System
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insulation is determined by the Package D specifications for the applicable climate zone. R-4-2-ductinsulation
is-assumed-for-the-Standard-Design-building—The Standard Design building is assumed to have the same
number of stories as the Proposed Design for purposes of determining the duct efficiency. HVAC distribution
system efficiencies must be calculated using the algorithms and equations in Appenrdix-F-Chapter 4 of this
manual for both the Proposed Design and the Standard Design. The Standard Design calculation must use the
default values of that procedure. For non-central HVAC systems, the Standard Design shall have no ducts.

3.6.7 Fan Energy'®

Proposed Design. The ACM must allow the user to specify whether or not the proposed design will take credit
for reduced fan Watts, see Chapter 4. The credit for reduced fan Watts must be reported in the Special
Features and Modeling Assumptions listings on the CF-1R.

Standard Design. The Standard Design shall have the default fan watts.

3.7 Water Heating

Proposed Design. ACM users must specify the following information about each water heating system:

e The number of dwelling units served by the water heating system (needed only when the system serves
multiple dwelling units).

e The number of water heaters that are a part of the system

e The performance characteristics of each water heater:

o For gas water heaters with an input rating of 75,000 Btu/h or less and for electric water heaters
with an input rating of 12 kW or less, the energy factor (EF) is entered.

o Forinstantaneous gas or oil water heaters, the enerqy factor (EF) is entered.

o For large storage water heaters, the hourly jacket loss, thermal efficiency, and type (indirect or
direct) are entered. Jacket loss if not available from the manufacturer may be calculated from
the tank surface area, the R-value of exterior insulating wrap and the standby loss expressed
as a fraction of the heat content of the stored water. Tank surface area may also be calculated
based on the tank capacity in gallons. See ACM RN for details.

¢ Information about any solar or wood stove supplementary heating that is provided. See ACM RN for
details.

e The type of distribution system used within the dwelling unit. This is a selection from Table R3-11. For
recirculating systems that serve multiple dwelling units, the brake horsepower of the circulation pump (hp),
the efficiency of the pump, the efficiency of the motor, and the type of control (choose from

e Table R3-12).

e If multiple water heating systems serve a single dwelling unit, then the ACM must keep track of the
conditioned floor area served by each water heating system.

e For water heating systems serving multiple dwelling units, the ACM must keep track of the dwelling units
served by each system.

For systems serving multiple dwelling units, the characteristics of an average or typical dwelling unit, e.g.
conditioned floor area and number of stories (within the dwelling unit), may be used in making calculations.

® The justification for this change appears in Eley Associates, “Residential Ducts,” Measure Analysis and Life-Cycle Cost: 2005

California Building Energy Efficiency Standards, Part Ill, July 3, 2002, p. 17-66. Presented at the July 18, 2002 workshop.
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Table R3-11 — Water Heater Distribution System Choices (Within the Dwelling Unit)

Distribution System Measure Code
Pipe Insulation (all lines) PIA
Point of Use POU
Pipe Insulation (kitchen lines) — Standard Case PIK
Parallel Piping PP
Recirculation (no control) RNC
Recirculation + timer control RTm
Recirculation + temperature control RTmp
Recirculation + timer/temperature RTmTmp
Recirculation + demand control RDmd

Table R3-12 — Multiple Dwelling Unit Recirculating System Control Choices

Distribution System Measure Code

No Control NoCtrl
Timer Control Timer
Temperature Control Temp
Timer and Temperature Control Timer/Temp
Demand Recirculaton Demand

Standard Design. For multi-unit systems, the Standard Design shall have the same number of water heating
systems as the Proposed Design. For single dwelling unit systems, the Standard Design shall have just one
water heating system, regardless of the number of systems in the Proposed Design. Each Standard Design
water heating system shall have the characteristics specified in Table R3-13.

Defining the Proposed and Standard Designs Water Heating
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Table R3-13 — Specification of Standard Design Water Heater

Does the Yes

water heating
system serve

Standard design is a 50 gallon gas or LPG storage type water heater. If natural gas is available at the site, the

standard design is a gas water heater, otherwise it is LPG.

EF is equal to 0.575, which is the NAECA minimum for the 50 gallon basecase water heater. EF = 0.67 —

ml_e o 0.0019 V, where V is the volume in gallons.
dwelling unit? A standard distribution system with no circulation system. Actual efficiency depends on the size of the dwelling
unit and the number of stories.

No Does the Yes Is the input = Yes Standard design is one or more NAECA gas or LPG water
proposed rating of heater. If natural gas is available at the site, the standard
water each water design is a gas water heater, otherwise it is LPG.
heating heater in If the total storage volume of the proposed design is less
system the than 100 gallons, then the standard design is single water
have a proposed heater with a storage volume equal to the total storage
stLra}?gg design less volume of the proposed design.
tank? tha¢lotr If the total storage volume of the proposed design is larger

%% than 100 gallons, then the standard design shall have
W if multiple 100 gallon water heaters. The number of water
% heaters is equal to the total storage capacity of the proposed
%{K;n or design divided by 100 and rounded up.
equal to 12 The EF of each 100 gallon water heater sha_II b(_a 0.48, which
KW is the NAECA minimum. If the standard design is less than
— 100 gallons, then the EF — 0.67 — 0.0019 V.
See specification of distribution system in the note below.
No Standard design is a composed of the same number of large
storage gas or LPG water heaters as in the proposed design
with a storage volumes the same as the storage volumes of
the proposed design. If natural gas is available at the site,
the standard design is a gas water heater, otherwise it is
LPG.
The thermal efficiency is 0.80 and stand-by losses are as
specified in Table 113A.
See specification of distribution system in the note below.
No Standard design is a same number of natural gas or LPG instantaneous water heaters

as in the proposed design with input ratings equal to those in the proposed design. If

natural gas is available at the site, the standard design is a gas water heater,

otherwise it is LPG.

Thermal efficiency of the instantaneous water heaters shall be equal to the

requirements of Table 113A.

See specification of distribution system in the note below.

The Standard Design distribution system for systems serving multiple dwelling units is described in more detail

below:

1.

When the distribution system is a recirculating system, the standard design shall be a recirculating system

with timer controls, e.qg. the coefficients in Table RN4 for “Timer Controls” shall be used in the calculation of
energy use for the standard design, otherwise the standard design shall be a non-recirculating system.

2. Pipe length and location in the standard design shall be the same as the proposed design. There are three
possible locations: outdoors, plenums and underground.
The pipes in the recirculation system shall be insulated in accordance with Section 123.

4. The pumping head and motor size for the standard design shall be equal to the pumping head and motor
size in the proposed design.

5. The motor efficiency of the recirculation pump in the standard design shall be equal to the requirements in
the CEC appliance efficiency standards, e.g. NEMA high efficiency motors.

6. The distribution losses within the dwelling units shall be calculated based on one story and the average
dwelling unit size for all the dwelling units served by the water heating system (see RN3.2)

Water Heating Defining the Proposed and Standard Designs
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3-93.8 Additions

Additions are treated as separate new buildings except for the determination of internal heat gams which are
prorated according to the rules in Chapter 4spe
Designforthe-addition. The modeling of additions or aIteratlons must be reported in the Special Features and
Modeling Assumptions listings, which must state that the building vintage and the input assumptions

corresponding to this vintage-must-be-verified prior-to-alterationtoreceivecredit.

When an existing HVAC system is extended to serve an addition, the default assumptions for duct and HVAC
distribution efficiency must be used for both the Proposed Design and the Standard Design. However, when a
new, high efficiency HVAC distribution system is used to serve the addition or the addition and the existing

building, that system may be modeled to receive energy credit subject to diagnostic testing and verification of

proper installation-by-a-HERS+ater.

Proposed Design. The user must enteran-indication-e that an addition is being modeled and enter the
conditioned floor area of the addition-forthe-Proposed-Design. When an ACM has the capability of running
modeling an existing building plus an addition in a single pass, the addition and the existing building must be
entered independently and reported independently. Special output must be created to clearly indicate existing
building components separately from new components. Likewise altered existing components must have
separate accounting and reporting. Existing building components must be reported exclusively in lowercase
type and new or altered components exclusively in UPPERCASE type for single pass Addition with Existing
Building runs or Alteration runs. ACMs that require two or more passes to model these situations do not require
these restrictions on type case for existing and new (or altered) component reporting but these ACMs must
clearly indicate which run corresponds to existing conditions and which run corresponds to the new or altered
conditions and the Special Features and Modeling Assumptions listings for both runs must report that two
output files, two CF-1Rs and-two-C-2Rs-are required to be checked.

An existing building plus an addition may be modeled by means of two separate compliance runs:

The user or the ACM models the Existing Building and the Addition plus the Altered Existing Building. There
will be two sets of energy use figures for each of these energy simulation runs, the predicted energy use of the
modeled building (EU) and the predicted energy budget calculated based on the rules specified in this manual
(EB).

Let

EU, = the energy use of the existing building (Proposed Design).

EB. = the energy budget for the existing building (Standard Design).

EU... = the energy use of the altered existing building with the addition.

EB... = the energy budget of the altered existing building with the addition.

and

A = the conditioned floor area of the existing building.

Ae+a = the conditioned floor area of the altered existing building with the addition.
Ae

Equation 3.3 F=
(Ae+a )

The altered existing building with the addition complies with the Standards when Equation 3.2 is satisfied:

Equation 3.4 EUg.a <EBeg.q +F x(EUs —EBy)

When no water heating is proposed for the addition, the ACM must report that no water heating energy is being
calculated and the energy budgets cannot reflect the use of water heating energy. When a new water heater is
replacing the existing water heater for the whole dwelling, the ACM must use the existing plus addition
approach to compliance with the water heater modeled with the existing building. When the specifications of

Defining the Proposed and Standard Designs Additions
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the existing water heater are unknown, the water heating budget is determined as if the dwelling were all new
construction.

If the addition increases the number of water heaters in the dwelling then the addition Standard Design must be
modeled with a non-circulating, gas-fired water heater with a volume which is the lesseer of the Proposed
Design volume or 50 gallons and an Energy Factor of 0.60. If the building does not have gas service, the ACM
may allow the Standard Design water heater to be a non-circulating electric water heater with an Energy Factor
of 0.98.

Standard Design. For additions, the Standard Design shall have a total glazing area equal to that allowed by
Package D and the conditioned floor area of the addition just as for new buildings. For the Standard Design the
glazing orientation, Y-valueU-factor, and SHGC of the fenestration shall be modeled in the same manner as a
new building.

When additions are modeled with an existing building, the ACM must require the user to determine and enter
the vintage of the existing building. The ACM shall then use the default assumptions specified in Table R3-14
or modeling the existing structure. If the ACM allows the user to enter higher Y-valueU-factors, higher F2
values, higher SHGCs, lower efficiencies, or lower energy factors than the vintage defaults from Table R3-14
for the existing building’s Proposed Design, the ACM must report such values as special features on the
Special Features and Modeling Assumptions listings.

Table R3-14 - Default Assumptions for Existing Buildings
Table R3-7— Default A tors for Existine Build

Default Assumptions for Year Built (Vintage)

Conservation Measure Before 1978 1978 to 1983 1984 to 1991 1992 to 1998 1999 +
INSULATION U-VALUEU-FACTOR

Roof 0.076 0.047 0.047 0.047 0.047
Wall 0.386 0.096 0.096 0.088 0.088
Raised Floor —CrawlISp 0.097 0.097 0.097 0.037 0.037
Raised Floor-No CrawlSp 0.239 0.239 0.239 0.097 0.097
Slab Edge F2 = 0.76 0.76 0.76 0.76 0.76
Ducts R-2.1 R-2.1 R-2.1 R-4.2 R-4.2
LEAKAGE

Building (SLA) 49 4.9 49 4.9 49
Ducts Leakage 28% 28% 28% 28% 28%
FENESTRATION

U-valueU-factor Use Table Table14-BD116-A - Title 24, Part 6, Section 116 for all Vintages

SHGC Use Table 4-E-116-B - Title 24, Part 6, Section 116 for all Vintages

Shading Dev. Use Fable-R3-4-Table R3-7 for all Vintages

SPACE HEATING EFFICIENCY

Gas Furnace (Central) AFUE 0.75 0.78 0.78 0.78 0.78
Heat Pump HSPF 5.6 5.6 6.6 6.6 6.8
Electric Resistance HSPF 3.413 3.413 3.413 3.413 3.413
SPACE COOLING EFFIC.

All Types, SEER 8.0 8.0 8.9 9.7 9.7
WATER HEATING

Energy Factor 0.525 0.525 0.525 0.525 0.58
Rated Input, MBH 28.0 28.0 28.0 28.0 28.0

Additions Defining the Proposed and Standard Designs
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4. Required Modeling Assumptions and Algorithms

Most of the modeling assumptions and algorithms about building operation and climate are either fixed or
restricted when an ACM is used for compliance.

All approved ACMs must include and automatically use all the appropriate fixed and restricted inputs and
calculation methods with no special entry required by the user. Users may not override the fixed inputs when
the ACM is used for compliance calculations, nor may-they-beare users allowed to go beyond the limitations of
the restricted assumptions.

The fixed and restricted modeling assumptions apply to both the Standard Design run and to the Proposed
Design run. The standard fixed and restricted modeling assumptions always apply to the Standard Design run
and are the default for the Proposed Design-+dn. In some cases, the CEC has approved alternate fixed and
restricted modeling assumptions that may be used in the Proposed Design run. When the assumptions differ
between the Standard Design and the Proposed Design, this is called to the attention of the reader in this

chapter. The alternate modeling assumptions may only be used when the Proposed Design run has a special

building feature (e.g. zonal control) that is recognized as-an-approved-Exceptional-Methodfor credit, and the
ACM has been approved with this eptieralkmodeling capability. The modeling of such building features for

compliance purposes must always be documented as-entries-in the Special Features and Modeling

Assumptions listings on the Certificate of Compliance-and-on-the-ComputerMethod-Summary.

When-While this manual describes the algorithms and calculation methods used by the reference method, an
ACM may use alternative algorithms to calculate the energy use of low-rise residential buildings provided that
the algorithms are used consistently for the Standard Design and the Proposed Design and provided that the

ACM passes the appllcable tests descrlbed in Chapters 5 and 6-and-provided-that-the-appropriate-input
: M. The reference method,s ef calculation-are

4.1 General Modeling Assumptions

4.1.1 Standard Weather Data

Standard Design-& Proposed-Desigh-All ACMs must use standard weather data for al-compliance runs. The

standard weather data may be condensed, statistically summarized, or otherwise reduced. However, the basis
of the data must be the official Cemmission’s-CEC hourly weather data. The same weather data and weather
data format must be used for both the Standard Design run-and the Proposed Design runcalculations.

ACM Appendlx II contalns mformatlon about the of‘ﬂcral CEC weather data Iheeﬁreral—heurly—weafeher—da%a—fer

Required Modeling Assumptions and Algorithms General Modeling Assumptions
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4.1.2 Ground Reflectivity
Standard Design-& Proposed-Design-—ACMs shall assume that the ground surrounding residential buildings

has a reflectivity of 20 percent in both summer and winter. This applies to both the Standard Design run-and
Proposed Design-+un_for consistency.

4.1.3 Thermostats'’

Standard -Design-& Proposed-Desigh—The standard thermostat settings are shown in theTable-R4-1-Table
R4-1_Table-R-below. The values for the “Whole Building” These-thermostatsetpoints-apply to the Standard
Design run and are the default for the Proposed Design run._See note below on Zonal Control.

Table-R4-1—ThermostatSettings
Gooling-Mode HeatingMode
Ghange-over Temperature B0°F B0°F

" The justification for changes in this section appears in Eley Associates, Residential Computer Modeling Draft — Status Report, March

21, 2002. Presented at the April 2, 2002 workshop.

General Modeling Assumptions Required Modeling Assumptions and Algorithms
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Table R4-1 — Hourly Thermostat Set Points'®

Whole House Living Areas Sleeping Areas
Hour Heating Cooling Heating Cooling Heating Cooling Venting
1 65 78 6560 83 6560 78 Offe8
2 65 78 6560 83 6560 78 offe8
3 65 78 6560 83 6560 78 Offe8
4 65 78 6560 83 6560 78 Offe8
5 65 78 6560 83 6560 78 Offe8
6 65 78 6560 83 6560 78 68
7 65 78 6560 83 6560 78 68
8 68 83 68 8378 68 83 68
9 68 83 68 8378 6560 83 68
10 68 83 68 8378 6560 83 68
11 68 83 68 8378 6560 83 68
12 68 83 68 8378 6560 83 68
13 68 83 68 8378 6560 83 68
14 68 82 68 8278 6560 83 68
15 68 81 68 8178 6560 83 68
16 68 80 68 8048 6560 83 68
17 68 79 68 7978 6560 83 68
18 68 78 68 78 6560 83 68
19 68 78 68 78 6560 83 68
20 68 78 68 78 6560 83 68
21 68 78 68 78 6560 83 68
22 68 78 68 78 68 78 68
23 68 78 68 78 68 78 68
24 65 78 6560 83 6569 78 680ff

Determining Heating Mode vs. Cooling Mode. When the building is in the heating mode, the heating setpoints
for each hour are set to the “Heating” values in Table R4-1-R, the cooling setpoint is set to a constant 78°F and
the ventilation setpoint is set to a constant 77°F. When the building is in the cooling mode, the “Cooling” values
are used. The heating setpoint |s setto a constant 60 F and the cooling and vent|nq setpomts are set to the
vaIues |n Table R4- 13Fab+e—R

heatmgmede—The state of the bUIIdIng S condltlonlng mode is dependent upon the outdoor temperature
averaged over hours 1 through 24 of day 8 through day 2 prior to the current day_e.q., if the current day is June

21, the mode is based on the average temperature for June 13-20. The ACM shall calculate and update daily
this 7-day running average of outdoor air temperature. When this running average temperature is equal to or
less than 60°F the building shall be set in a heating mode and all the thermostat setpoints for the heating mode
shall apply. When the running average is greater than 60°F the building shall be set to be in a cooling mode
and the cooling mode setpoints shall apply.

®  Values for living and sleeping areas are moved here from Chapter 6 for clarity. The whole house values doe not change.

Required Modeling Assumptions and Algorithms General Modeling Assumptions
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Zonal Control: An optional capability, described in Section-6:2Chapter 6, allows alternative thermostat
schedules to be used for the Proposed Design run when the HVAC system meets the requirements for zonal
control. With zonal control, the building is divided into sleeping and living areas and a separate schedule is
used for each area. If the user selects this option the ACM shall seleet-use the appropriate alternative
schedules based on the user’s designations for sleeping and living zones and shall automatically report the use
of this optional capability in the Special Features and Modeling Assumptions listings in the required-standard
reportsCF1-R. The setpoints for zonal control are also shown in Table R4-1.

Setback Thermostat Exceptions. Certain types of heating and/or cooling equipment are exempt from the
mandatory requirement for setback thermostats, including wall furnaces and through-the-wall heat pumps. If
setback thermostats are not installed, then the ACM shall model the Proposed Design with the standard
thermostat schedule except that the heating mode setback-setpoint shallbe-66°Fremains a constant 68 °F.
instead-of 60°F'%. In cases where setback thermostats are not mandatory but nonetheless are installed by the
builder, the ACM shall model the Proposed Design using the standard heating setback setpoint of 6865°F. The
Standard Design always assumes the setback schedule shown in Table R 4-2.

4.1.4 Internal Gains

Basic Allocation

Internal gain from lights, appliances, people and other sources shall be set to 20,000 Btu/day for each dwelling
unit plus 15 Btu/day for each square foot of conditioned floor area (CFA) as shown in Equation 4-1.

N
Equation 4-1 IntGaintota = (20,000 x N) [1 5x Z CFA|]
i=1

Where

N= Number of dwelling units (NumBwellUnits)
CFA= Conditioned Floor Area of i" dwelling unit

Zonal Control

For zonal control, an optional modeling capability, the internal gains are split between the living areas and the
sleeping areas as indicated in the following equations. The 20,000 Btu/day fixed component is assigned 100%
to the living areas and the 15 Btu/ft? component is allocated according to floor area. See Equation 4-2 and

Equation 4-3.

Equation 4-2 IntGainLiving =15x CFALiVing
Equation 4-3 IntGainS|eeping =15x CFASIeeping
Additions

For addition-alone compliance (single-zone), the internal gains are apportioned according to the fractional
conditioned floor area, referred to as the Fractional Dwelling Unit (FDU). For zone j, the internal gain is

determined by Equation 4.4. Equation-4-2:

Equation 4.4 IntGainZone; = IntGaintot X FDU;j

where

' A3 °F difference is maintained.

General Modeling Assumptions Required Modeling Assumptions and Algorithms
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FDU;==__ Fractional Dwelling Unit ij zone, calculated from Equation 4.5Equation4-3
) CFA;j
Equation 4.5 FDU;=
CFAtotal

Building additions may be modeled in conjunction with the existing dwelling or modeled separately (see
Sections-6-7~1-and-6-72Chapter 6). When modeled together the number of dwelling units for the proposed |
dwelling (NDUproposea) remains equal to the number of dwelling units for the existing structure (NDUeyisting), While
the conditioned floor area (CFAop0seq) is increased to include the contribution of the addition (CFA,qdition). VWhen
modeled separately, the internal gain of the addition (IntGain,ggiion)is based on the value of the addition's
fractional dwelling unit (FDU44ition), @s expressed in Equation 4.6 and Equation 4.7. Equations4-4-and-4-5-

Equation 4.6 IntGainaddition = IntGaintotal X FDUaddition
where
Equation 4.7 FDUaddtion = CFAaddition

CFAexisting * CFAaddition

Hourly Internal-Gain-Schedules

For-hourly-computermeodels;-the-The standard hourly internal gain schedule is shown in Table R4-2Table-R-4-
4-applies. “Hour one” is between midnight and 1:00 am. Fhis-The whole building schedule shall always be used
for the Standard Design run. The whole building is also used Htis-the-default-for the Proposed Design run-and
shaltbeused-unless the Proposed Design has zonal control. For zonal control, the Living Areas schedule is
used for the living areas and th Sleeping Areas schedule is used for sleeping areas. -assumptions;-sSee
Chapter 6 for other details for zonal control). -Seection-6-2-

Required Modeling Assumptions and Algorithms General Modeling Assumptions
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Table R4-2 — Hourly Internal Gain Schedules®

Percent of Daily Total Internal Gains (%)

Hour Whole House Living Areas Sleeping Areas
1 2.40 1.61 4.38
2 2.20 1.48 4.02
3 2.10 1.14 4.50
4 2.10 1.13 4.50
5 2.10 121 4.32
6 2.60 1.46 5.46
7 3.80 2.77 6.39
8 5.90 5.30 7.40
9 5.60 6.33 3.76
10 6.00 6.86 3.85
11 5.90 6.38 4.70
12 4.60 5.00 3.61
13 4.50 4.84 3.65
14 3.00 3.15 2.63
15 2.80 2.94 2.46
16 3.10 3.41 2.32
17 5.70 6.19 4.47
18 6.40 7.18 4.45
19 6.40 7.24 4.29
20 5.20 5.96 3.30
21 5.00 5.49 3.75
22 5.50 6.20 3.75
23 4.40 4.38 4.45
24 2.70 2.35 3.59

Total 100.00 100.00 100.00

Seasonal Adjustments

Daily internal gain shall be modified each month according to the setefmultipliers shown in Table R4-3Fable
4-5. These multipliers are derived from the number of daylight hours for each month.

Table R4-3 - Seasonal Internal Gain Multipliers

Month Multiplier Month Multiplier Month Multiplier
Jan 1.19 May 0.84 Sep 0.98
Feb 1.1 Jun 0.80 Oct 1.07
Mar 1.02 Jul 0.82 Nov 1.16
Apr 0.93 Aug 0.88 Dec 1.21

% Values in this table are unchanged. The values for living and sleeping areas are moved here from Chapter 6 for clarity.

General Modeling Assumptions Required Modeling Assumptions and Algorithms
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4.2 Heat Gains and Losses Through Opaque Surfaces

4.2.24.2.1 Radiant Barriers

Algorithm

The benefits of rRadiant barriers are modeled in two ways. First, the by-caleulating-ceiling U-valueU-factor is
modified for each season (heating mode and cooling mode) to account for reduced heat gain (attics are
qenerallv not modeled as separate uncondltloned thermal zones in residential ACMs). Second, medifiers-that
ifferent-the seasonal attic temperatures for
attlcs is assumed to be Iower Wlth radlant barrlers Wh|ch results in better HVAC distribution efficiencies

efficiency for ducts located in the attic-below-aradiantbarrier. See the algorithms for HVAC air distribution
ducts for more details.

When the building is in a heating mode, (see 4.1.3), Forthe-heating-season,-Equation-Equation 4.8—— is-gives

the-expressionfor-the U-valueU-factor modifier. When :fer-the building is in a cooling seasenmode, Equation
Equation 4.9 is used—. To determine the Y-valueU-factor for a ceiling with a radiant barrier, multiply the Y-

valueU-factor of the ceiling assembly without-located beneath a the-radiant barrier times the Y-valueU-factor
modifier. Fhe-U-value-modifiers-are-calculated-from-equations——and——These modifiers may only be used for

Feorinstalled insulation greater than R-8, otherwise the modifer is 1.00.:

Equation 4.8 UvalMoGheating = (-11.404 x U2) + (0.21737 x U) + 0.92661

Equation 4.9 UvalModeooiing = (-58.511x U2) +(3.22249 x U) + 0.64768

Eligibility Criteria

Radiant barriers must meet specific eligibility and installation criteria to be modeled by any ACM and receive
energy credit for compliance with the energy efficiency standards for low-rise residential buildings.

o The emittance of the radiant barrier must be less than or equal to 0.05 as tested in accordance with ASTM
C-1371-978 or ASTM E408-74{1996)e+.

¢ Installation must be-in-conformanece with ASTM C-1158-97 (Standard Practice For Use and Installation Of
Radiant Barrier Systems (RBS) In Building Construction.), ASTM C-727-90{1996}e1 (Standard Practice
For Installation and Use Of Reflective Insulation In Building Constructions.), ASTM C1313-845 (Standard
Specification for Sheet Radiant Barriers for Building Construction Applications), and ASTM C-1224-993
(Standard Specification for Reflective Insulation for Building Applications), and the radiant barrier must be
securely installed in a permanent manner with the shiny side facing down toward the_interior of the building
(ceiling or attic floor). Moreover, radiant barriers must be installed te-at the top chords of the roof
truss/rafters {top-chords)in any of the following methods;-with-the-material:

Required Modeling Assumptions and Algorithms Heat Gains and Losses Through Opaque Surfaces
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Draped over the truss/rafter (the top chords) before the upper roof decking is installed.
Spanning between the truss/rafters (top chords) and secured (stapled) to each side.

Secured (stapled) to the bottom surface of the truss/rafter (top chord). A minimum air space must be
maintained between the top surface of the radiant barrier and roof decking of not less than 1.5 inches
at the center of the truss/rafter span.

4. Attached [laminated] directly to the underside of the roof decking. The radiant barrier must be
laminated and perforated by the manufacturer to allow moisture/vapor transfer through the roof deck.

In addition, the radiant barrier must be installed to cover all gable end walls and other vertical surfaces in
the attic.

e The attic must be ventilated to:

1. eonferm-Conform to the radiant barrier manufacturer's instructions.

2. provide-Provide a minimum free ventilation area of not less than one square foot of vent area for each
150 square feet of attic floor area.

3. provide-Provide no less than 30 percent upper vents.

{Ridge vents or gable end vents are recommended to achieve the best performance. The material should
be cut to allow for full air flow to the venting.}

e The radiant barrier (except for radiant barriers laminated directly to the roof deck) must be installed to have
a minimum gap of 3.5 inches between the bottom of the radiant barrier and the top of the ceiling insulation
to allow ventilation air to flow between the roof decking and the top surface of the radiant barrier have a
minimum of six (6) inches (measured horizontally) left at the roof peak to allow hot air to escape from the
air space between the roof decking and the top surface of the radiant barrier.

o When installed in enclosed rafter spaces where ceilings are applied directly to the underside of roof rafters,
a minimum air space of 1 inch must be provided between the radiant barrier and the top of the ceiling
insulation, and ventilation must be provided for every rafter space. Vents must be provided at both the
upper and lower ends of the enclosed rafter space.

e The product must meet all requirements for California certified insulation materials [radiant barriers] of the
Department of Consumer Affairs, Bureau of Home Furnishings and Thermal Insulation, as specified by
CCR, Title 24, Part 12, Chapter 12-13, Standards for Insulating Material.

e The use of a radiant barrier a

ve%u#aee&m%l%&ath&:—andiepprmﬁd{;}g—am&venma%mshall be Ilsted in the SpeCIa/ Features and
Modeling Assumptions listings of the CF-1R and-G-2R-and described in detail in the ACM Compliance
Supplement.

4.2.34.2.2 Cool Roofs

Algorithm

Proposed-Design—Cool roofs are assumed to have an impact equal to the cooling savings for radiant barriers.
The calculations for cool roofs are the same as radiant barriers, are-the-same-as-deseribed-in-section4-24
except that UvalModheaing (S€€ Equation 4.8equation—) is assigned a value of 1.00. In the event that both a
cool roof and radiant barrier is-are specified, there is no credit for the cool roof.

Eligibility Criteria
Cool roofs must meet specific eligibility and installation criteria to receive energy-credit for compliance-as
deseribed-in-the-standards-and-this-section. In general, the solar reflectance must be 0.4 or higher for tile roofs

Heat Gains and Losses Through Opaque Surfaces Required Modeling Assumptions and Algorithms
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or 0.7 or higher the-for other roof materials; and the emittance must be 0.75 or higher. Liquid applied cool roof
products must meet the requirements of Section 118(i)3 of the standards. All products qualifying for this credit
shall be rated and labeled by the Cool Roof Rating Council in accord with Section 10-113 of the standards. The

use of a cool roof shall be listed in the Special Features and Modeling Assumptions listings of the CF-1R and
G-2R-and described in detail in the ACM Compliance Supplement.

Overall-Tthermal resistances (everallR-values) and everall-thermal transmittance values (everaltd-valueU-
factors) shall be calculated using defaults and procedures documented in ACM Appendlx IV usmg—atgenthms

Standard wood frame walls with studs 16 in. on center shall be assumed to have 25% framlnq and standard
wood frame walls with studs Iocated at 24 in. centers shall be assumed to have 22% framrnq Wherkmetat

2 Changes in this section are based on extensive public comments and review of Eley Associates, “Construction Quality -- Walls,”

Measure Analysis and Life-Cycle Cost: 2005 California Building Energy Efficiency Standards, Part I, April 11, 2002, p. 24-30.
Presented at the April 23, 2002 workshop.

2 This change is documented in Eley Associates, “Construction Quality -- Walls,” Measure Analysis and Life-Cycle Cost: 2005 California

Building Energy Efficiency Standards, Part I, April 11, 2002 and is based on research by EnerModal Engineering.

Required Modeling Assumptions and Algorithms Heat Gains and Losses Through Opaque Surfaces
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Eauation4-10 U=
Eq +4-4

The U | . | f fFici lin B Fg-h-F-gE, hi | £f] tt
assembly-ormaterial:
The total R-value shall be entered, displayed, and calculated to at least three significant figures, or,

alternatively to two decimal places, and the total U-valueU-factor to two significant figures or three decimal
places whichever is more precise.

Default R-val U-val inA lix E
ACM Appendix E-IV _contains pre-calculated Form 3Rs for a number of standard assemblies. The Total R-
values and Y-valueU-factors from these assemblies must be used in compliance calculations unless a Form

3R is completed for the actual proposed assembly;-erunless-the-compliance-approach-only-uses-the-insulation
level-alone. Table-E-7Zin-Appendix-E-summarizes-these default U-values:

Appendix E-1V also includes Ferm-3Rsforpre-calculated assemblies that meet the default U-valueU-factors

with-using a combination of batt and rigid insulation. M,+ather-than-only-battinsulation-(including-metal Steel
framing e-assemblies_are also included). Appendix IV has tr-additien-it-contains-R-values for common
materials; and-ether-information on a variety of masonry wall assemblies; and other data useful in making U-
factor calculations.

4.2.54.2.4

ceilings.Envelope Construction Quality

Compliance credit is available for low-rise residential buildings if special field verification is done to ensure that
insulation is installed correctly (see ACM RQ-2005). Buildings must be field verified in their entirety in order to
secure the credit, e.g. you can’t take credit for walls, but not ceilings/roofs. Compliance reports and user
interfaces shall identify the building as having either Standard or Improved envelope construction quality. As
discussed in Chapter 3, the Standard Design shall have standard envelope construction quality. Approved
ACMs must be able to model both Standard and Improved envelope construction quality.

Table R4-4 — Modeling Rules for Envelope Construction Quality

Envelope Construction Quality

Component Mode Standard Improved
Walls Both Increase heat gains and losses by 19%,, e.qg. Increase heat gains and losses by 5%, e.g.
multiply all wall U-factors by 1.19. multiply all wall U-factors by 1.05.
Ceilings/Roofs Heating Add 0.02 times the area to the UA of each ceiling ~ Add 0.01 times the area to the UA of each ceiling
surface e.qg. add 0.02 to the U-factor. surface e.qg. add 0.01 to the U-factor.
Cooling Add 0.005 times the area to the UA of each Add 0.002 times the area to the UA of each
ceiling surface e.g. add 0.005 to the U-factor. ceiling surface e.g. add 0.002 to the U-factor.

When credit is taken for Improved envelope construction quality, the Special Features and Modeling
Assumptions section of the CF-1R shall make an appropriate notation (see Chapter 2). Also the Special

Heat Gains and Losses Through Opaque Surfaces Required Modeling Assumptions and Algorithms
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Features and Assumptions list must indicate that the Installation Certificate (CF-6R) and the Field Verification
and Diagnostic Testing Certificate (CF-4R) must be completed and signed by the appropriate persons.

4.2.5 Perimeters of Slab Floors and Carpeted Slabs

igh-For Standard and Proposed Designs all ACMs must use slab edge F2
values assuming that 20% of the slab floor perimeter is exposed to the conditioned air and 80% of the slab
floor perimeter is carpeted or covered with an R-2 insulating layer between the slab and the conditioned air.
See ACM Appendix IV.

The monthly ground temperatures are shown in Table R4-56 shall be used as the exterior temperature when
calculating slab edge heat loss.”

Table R4-5 - Monthly and Annual Average Ground Temperatures

Month

Climate Annual
Zone J E M A M J J A S (¢} N D  Average
1 52.2 51.5 514 51.8 53.1 54.5 55.6 56.4 56.4 55.8 54.7 534 53.9
2 53.3 51.5 514 52.2 55.6 58.9 61.8 63.6 63.8 62.3 59.5 56.3 57.5
3 55.1 54.1 54.0 54.5 56.5 58.5 60.3 61.4 61.5 60.6 58.9 56.9 57.7
4 55.5 54.0 53.9 54.6 57.5 60.3 62.8 64.3 64.5 63.2 60.8 58.0 59.1
5 55.7 54.8 54.7 55.2 56.9 58.7 60.2 61.1 61.2 60.4 59.0 57.3 57.9
6 59.1 58.1 58.0 58.5 60.4 62.4 64.0 65.1 65.2 64.3 62.7 60.8 61.6
z 60.1 59.1 59.0 59.5 61.5 63.4 65.2 66.2 66.3 65.5 63.8 61.9 62.6
8 60.0 58.8 58.7 59.2 61.6 63.9 66.0 67.3 67.4 66.3 64.3 62.1 63.0
9 60.5 59.1 59.0 59.7 62.2 64.8 67.1 68.5 68.6 67.5 65.3 62.8 63.8
10 59.4 57.6 57.4 58.3 61.8 65.2 68.2 70.1 70.2 68.7 65.8 62.4 63.8
1" 54.9 52.4 52.2 53.4 58.2 63.0 67.2 69.8 70.0 67.9 63.8 59.2 61.0
12 54.6 52.5 52.3 53.3 57.3 61.3 64.8 67.0 67.2 65.4 62.0 58.1 59.7
13 57.5 54.7 54.5 55.8 61.0 66.2 70.6 73.5 3.7 714 67.0 62.0 64.0
14 54.2 51.2 51.0 52.4 58.2 63.9 68.8 72.0 722 69.7 64.8 59.3 61.5
15 66.8 64.0 63.8 65.1 70.4 75.8 80.4 83.3 83.6 81.2 76.7 71.5 73.6
16 44.4 41. 41.6 42.8 7.7 52.6 56.8 59.5 9.7 7.5 3.4 48.7 50.5

% The justification for changes in this section appears in Eley Associates, Residential Computer Modeling Draft — Status Report, March

21, 2002. Presented at the April 2, 2002 workshop.
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4.2.6 Basement Modeling - Basement Walls and Floors

Below grade walls shall be modeled with have-ne-exterior-abserptivity-(ro-radiant-no solar gains, e.g.
absorptivity is zero. -from-sunlight)}--Below grade walls are modeled with three exterior conditions depending on
whether the depth is shallow, medium, or deep._The temperature of the earth depends on the depth of the wall
and is given in Table R4-6. Thermal resistance is also increased to account for earth near the construction (see

Table R4-6).

Table R4-6 — Assumed Earth Temperatures for Modeling Basement Walls and Floors

-Class Depth Assumed Temperature of the Earth Thermal Resistance of Earth

Shallow Upto 2 ft Average air temperature for hours 1 through 24 of the A thermal resistance with an R-value of 1.57

Depth 7 days beginning 8 days prior to the current day (days  (hr.ft’.°F/Btu) is added to the outside of the below

Walls -8 through -2). grade wall.

Medium 2+to 6 ft Exterior earth temperature is assumed to be the A thermal resistance with an R-value of 7.28

Depth monthly average temperature from Fable-R4-6Table (hr.ft2.°F/Btu) is added to the outside of the below

Walls R4-5. grade wall.

Deep More than  Exterior earth temperature is used which is typical of A thermal resistance with an R-value of 13.7

Walls 6 ft deep ground. Use the annual average value from (hr.ft2.°F/Btu) is added to the outside of the below
Table R4-5. grade wall.

Basement Any Exterior earth temperature is used which is typical of A thermal resistance with an R-value of 17.6

Floors deep ground. Use the annual average value from (hr.ft2.°F/Btu) is added to the bottom of the basement

Table R4-5.

floor.

Heat Gains and Losses Through Opaque Surfaces
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4.3 Heat Gains and Losses Through Fenestration

4.3.1 Fenestration Products

Information concerning fenestration products, specifically the default table for fenestration U-valueU-factors
and the default table for fenestration SHGC values, is included in Sections 404-and-116 of Title 24, Part 6;-the

e : tor buildinas.

4.3.2 Solar Gain*

Solar gain through glazing shaII be calculated usmg the methods documented in the Algor/thms and
Assumptions Report, 1988. 998--However,
sSolar gain through windows is reduced to 75675 percent of the fuII solar gain and a new—algonthm is used to
calculate the transmitted solar gain as a function of the angle of incidence on the glazing. The 0.675 reduction
is intended to compensate for exterior shading from landscaping, terrain, and adjacent buildings, as well as dirt
and other window obstructions.

The formulas used to calculate the solar heat gain through windows as a function of the angle of incidence are
given below in the form of two multipliers: - Gg;, - the ratio of the solar heat gain to the space relative to direct
beam insolation at normal incidence, and Gy; - the ratio of solar heat gain to the space relative to the diffuse
insolation on a horizontal surface. These ratios have-no-units-of-measureare unitless.

Equation 4.11 Ggir =SHGCep, * Area * [fsunlit * Cosl * P(Cosl)+GrndFac]

22 The justification for changes in this section appears in Eley Associates, Residential Computer Modeling Draft — Status Report, March

21, 2002. Presented at the April 2, 2002 workshop.
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and
Equation 4.12 Gy = SHGC,, * Area * DMSHGC * (vfSky +vfGrnd * GrndRf)
where
Equation 4.13 P(Cosl )= C1+Cosl + C2#Cos?l +C3+Cos®l +C4=Cos?l
Equation 4.14 GrndFac =vfGrnd x CosG x GrndRf x DMSHGC

SHGCy,,= Fenestration Solar Heat Gain Coefficient at normal beam incidence - primary user input [unitless]

Cosl = The cosine of the angle of incidence of the direct beam insolation on the window. [unitless]
CosG = The cosine of the angle of incidence of the direct beam insolation on the ground. [unitless]
DMSHGC = Diffuse Multiplier for Solar Heat Gain Coefficient [unitless]

fsunlit = fraction of the window sunlit by direct beam at this hour [unitless]

C1, ...,C4 = polynomial coefficients for angular dependence (cosine of the angle of incidence) of solar heat
gain - see Table R4-8Fable-4-6.

viSky = view factor of window to sky [unitless]
vfGrnd =  view factor from window to ground [unitless]
GrndRf =  Ground Reflectance [unitless] = 0.20

Table R4-7 Polynomial Coefficients for Angular Dependence

Glazing Type: Single Pane (1 light) More Than One Pane (2 or more lightslites)
SHGCren 0.860 0.695

C1 3.549794 1.881643

c2 -4.597536 1.014431

C3 2432124 -4.009235-

c4 -0.384382 2.113160

DMSHGC 0.905814 0.828777

Draperies are assumed to be closed only for hours when the air conditioner operates. To approximate this
affect during transitions between periods of operation and non-operation, ACMs may assume that the internal
device remains closed for the hour following the-peried-an hour of air conditioner operation. As soon as that
hour passes, the internal shading device shall be opened_unless the air conditioner continues to run. The

internal device shall be either totally open or totally closed for any given hour.

External sunscreens are assumed to be in place all year, whether the building is in a heating or cooling mode.

Heat Gains and Losses Through Fenestration Required Modeling Assumptions and Algorithms
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The shading effects of overhangs, side fins and other fixed shading devices are determined hourly, based on
the altitude and azimuth of the sun for that hour, the orientation of the fenestration, and the relative geometry of
the fenestration and the fixed shading devices.

The standard assumptions for operation of interior shading devices and sunscreens shall apply to both the
Standard Design and the Proposed Design.

4.3.54.3.4 Solar Heat Gain Coefficients

feesettmg—thesolar heat gain coeff|C|ent valuesef—shaemgeeviees “SHGCopen and “SHGCC.Osed " “SHGCopen

applies when the air conditioner is not in operation (off) and “SHGCseq “ applies when the air conditioner is in
operation. The ACM user shall not be aIIowed to enter values for SHGCypen and SHGCdosed Thesevaluesmust

mtener—and—e*teﬂeeshaéng—dewees—The ACM must automatlcally determme these values from the user’s

choices of exterior shading devices and from the assumption that vertical glazing has a drapery and non-
vertical (skylight) glazing has no interior shading device.

There are a limited set of shading devices with fixed prescribed characteristics that are modeled in the
performance approach. These devices and their associated fixed solar heat gain coefficients are listed in Table
R-3-2and Table R3-3

The formula for combining solar heat gain coefficients is:

Equation 4.15 SHGC gomp =[(0.2875xSHGC 55 )+0.75 xSHGC i
where
SHGComp = the_combined solar heat gain coefficient for a fenestration component and an attachment in
series.
SHGC,,ax = the larger of SHGCy, and SHGCe,
SHGC,,, = the smaller of SHGCs., and SHGC e,
where
SHGCs, = the solar heat gain coefficient of the fenestration which includes the window glazing,

transparent films and coatings, and the window framing, dividers and muntins,

SHGCye = the solar heat gain coefficient of the interior or exterior shading device when used with a metal-
framed, single pane window.

For SHGCjeseq, the combination SHGC, SHGCren+int, (the combined SHGC for the fenestration and the interior
device) is calculated first and then the combination SHGCrep+int+ext IS Calculated to determine the overall
SHGCjpsed- SHGCqpen is determined from the combination of SHGCy, and SHGCext

Required Modeling Assumptions and Algorithms Heat Gains and Losses Through Fenestration
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4.4 Thermal Mass

ACMs must be capable of modeling thermal mass in buildings. Thermal mass has the ability to store heat and
thus damp temperature fluctuations in the conditioned space. There are two types of thermal mass, Light Mass
which reacts very quickly to absorb or release heat, and Heavy Mass which reacts more slowly. Light Mass is

: modeled in the same way for in-both the Proposed
Design and the Standard Design. The modeled mass includes the basie-common elements in all houses
thermalmass-such as framing, furniture, 8:5% in.” sheetroekgypsum board, and household appliances. -as
“light“mass-elements-Light mass is modeled through an input in the reference program called building heat
capacity and is assumed to be fixed at 3.5 Btu/°F-ft? of conditioned floor area for both the Proposed Design and
the Standard Design. Other values may be used for unconditioned zones (see Chapter 6).

and-specific-“heavyHeavy” mass includes elements such as concrete slab floors, masonry walls, double
gypsum board and other special mass elements. When the Proposed Design qualifies as a high mass building
then each element of heavy mass is modeled in the Proposed Des:qn otherwise, the Proposed Design is
modeled W|th the same h hi ;

same—heaw—mas&element&eavv thermal mass as the Standard Desrqn See Chapter 3 for detalls on what

qualifies as a high mass building. The default thermal mass for the Proposed Design and the fixed thermal
mass for the Standard Design is based on 20% of the slab floor being exposed and 80% covered with carpet or
casework. In addition 5% of the non-slab floor is exposed with a topping of 2 in. of concrete. ACM Appendix RI
has procedures for quantifying the value of various types of thermal mass.

Thermal Mass Required Modeling Assumptions and Algorithms



2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3 4-17

4-4-2Solar Gain Targeting.

Standard-Design-& Proposed-Design-Solar gains from windows or skylights shall not be targeted to mass

elements within the conditioned space of the building. In the reference program, CALRES, all solar gain is
targeted to the air or a combined air-and lightweight, high surface area mass node within the building. This
modeling assumption is used in both the Standard Design run and the Proposed Design run, except for
sunspaces where the user has flexibility in targeting solar gains subject to certain constraints. Sunspace
modeling is an optional capability discussed in Section-6-3Chapter 6.

Unconditioned Sunspaces. For compliance purposes, when glazing surfaces enclose unconditioned spaces,
such as sunspaces, the user is allowed to target all but 25% of the solar gains from these surfaces to Heavy
mass elements located within the unconditioned space. Unassigned solar gain is targeted to the air or the
combined air/lightweight mass or to high surface area lightweight mass in the unconditioned space. At least
25% of the solar gain from any sunspace fenestration surface must be targeted to high surface area lightweight
mass and/or the air. At most 60% of the solar gain may be targeted to the slab floor of a sunspace, especially
in the summer. For compliance purposes, an ACM must automatically enforce these limits and inform the user
of any attempt to exceed these limits.

4.5 Infiltration and Natural Ventilation

4.5.1 Infiltration/Ventilation

The reference method uses the effective leakage area method for calculating infiltration in conditioned zones.
Calculations shall use Shielding Class 4 as defined in the 2001 ASHRAE Handbook of Fundamentals.

Default Specific Leakage Area. The default specific leakage area (SLA) is 4.9 for designs with ducted HVAC
systems and 3.8 for non-ducted HVAC systems. The default is always used for the Standard Design. The
Proposed Design may use an alternate value, but only with diagnostic testing. The specific leakage area (SLA)
is the ratio of the effective leakage area to floor area in consistent units. The value is then increased by te
10,000 f= to make the number more manageable. effleorarea-If the effective leakage area (ELA) is known in
inches, then the SLA may be calculated with Equation 4.16.

2
Equation 4.16 SLA - [ELA j[ f J(1 0000) = ( ELA j69.444

CFA )\ 144in? CFA

Required Modeling Assumptions and Algorithms Infiltration and Natural Ventilation
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where

ELA = Effective leakage area in square inches
CFA = Conditioned floor area_(ft?)

SLA = Specific leakage area_(unitless)

Minimum OQutside Air.

For both the Standard Design and the Proposed Design, ACMs shall assume that occupants will open the
windows if the house becomes “too stuffy.” When natural ventilation, infiltration, and mechanical ventilation fall
below a threshold value_of 0.35 air changes per hour (ACH) , the occupants are assumed to open the windows
at the beginning of the next hour sufficient to provide an-indoorairquality-incrementwhich-is-a combination of
infiltration and ventilation equal to ar-additional-0.35 air-changesperhour-ACH for an eight foot high ceiling.
The windows are assumed to remain partially open ard-previde-this-to provide a minimum inerement-of {0.35
airchangesper-hour)-ACH as long as the previous hour’s infiltration_and -mechanical ard-natural-ventilation
rate without-this-window ventilationforindoorairquality-is below the threshold#alee—ésee—Equanens—tmeJc@h
—-Caleulation-of Infiltration-and-Ventilation.

1.5.2Calculati £ Infiltrati I Ventilati

Effective Leakage Area (ELA) Method. The Effective Leakage Area (ELA) method of calculating infiltration for
conditioned zones is documented below and in Chapter 265 of the 49972001 ASHRAE Handbook of
Fundamentals. The ELA for the Standard Design and for the default values for the Proposed Design (if
diagnostic tests are not used), is calculated using-the-Conditioned-Floor-Area{CFA)and-the-Specific Leakage
Area—(SI:A—}from Seetlenil—‘l@Equann 4.16above. (:Fhe%I:A—ls%heeFaneef—theueﬁeetweJeakageﬂa;ea—te—the

manageable#retn&}The energy Ioad on the cond|t|oned space from mﬂltratlon heat ga|ns or Iosses are
calculated as follows.

Equation 4.17 CFMii=ELA x| Ax AT, +B x \/2

. 2
Equation 4.18 CFMlnflI+unbaIfan \/CFMlnfll + MECHunbaI

Equation 4.19 CFMinfii+tottan =CFMinfit+unbalfan + MECHpg

The volumetric air flow (cfm) due to natural ventilation is derived from the natural ventilation cooling for the
hour:

Qnatv

Equation 4.20 CFMpay = 108X AT,
. X 1

The total ventilation and infiltration (in cfm) including indoor air quality window operation is:

Equation 4.21 CFMtotaI = CFMnatv + CFMIanHtOtfan + CFMlaq

The value of CFM;,q depends on the sum of CFMpay and CFMinsiotian from the previous time step:

When

(AFT xCFA)

Equation 4.22 CFMpaty + CFMinfiitottan < 75

Infiltration and Natural Ventilation Required Modeling Assumptions and Algorithms
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then

Equation 4.23 CFMigq = (0.35xCFA)

7.5

otherwise

Equation 4.24 CFM;qq = 0.000
where
CFA = the total conditioned floor area of the residence
AFT = 0.18 for Climate Zones 2 through 15 inclusive, and;
AFT = 0.25 for Climate Zones 1 and 16.

When the windows are opened they provide an overall ventilation rate equal to 0.35 air changes per hour for a
residence of the same floor area but with eight foot high ceilings. CFM;,q simulates the opening of windows to
achieve an acceptable indoor air quality by the occupants when ventilation and infiltration from other sources
does not provide an adequate quantity of outdoor air to dilute pollutants and refresh the indoor air.

The energy load on the conditioned space from all infiltration and ventilation heat gains or losses is calculated
as follows:

Equation 4.25 Qtotal =1 08 X CFMtOtal XAT»]
where
Qeotal = Energy from ventilation and infiltration for current hour (Btu)
CFM;,s =  Infiltration in cubic feet per minute (cfm)

CFMinsi+unbaifan = cOombined infiltration and unbalanced mechanical ventilation in cubic feet per minute (cfm)

CFMinfi+tottan =  infiltration plus the balanced and unbalanced mechanical ventilation in cubic feet per minute
(cfm)

MECH,, = the balanced mechanical ventilation in cfm. This value is the smaller of the total supply fan ¢cfm and
the total exhaust fan cfm.

MECH,.a =the unbalanced mechanical ventilation in cfm. This value is derived from the absolute value of the
difference between the total supply fan cfm and the total exhaust fan cfm.

1.08 = conversion factor in (Btu-min)/(hr-ft>-°F)

AT = difference between indoor and outdoor temperature for current hour (°F)
AT, = difference between indoor and outdoor temperature for previous hour (°F)
A= stack coefficient, (cfm*in*/ F)

B= wind coefficient, (cfm*in*/mph?)

V= average wind speed for current hour (mph)

ELAELA = effective leakage area (in2), measured or calculated using Equation Equation 4.26. —
The stack (A) and wind (B) coefficients to be used are shown in Table R4-9. Table—

Required Modeling Assumptions and Algorithms Infiltration and Natural Ventilation
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Table R4-8 - Infiltration Coefficients
Table R4-9 - Infitration Cosffici

Coefficient One _Floor Two_Floors Three_Floors
A (stack) 0.0156 0.0313 0.0471
B (wind) (Shielding Class 4) 0.0039 0.0051 0.0060

The ELA is calculated from the SLA as follows:

Equation 4.26 ELA=CFA xSLA x (144in2 ] X ( ! j
1ft> 10,000
where
CFA=___ conditioned floor area (ft?)
SLA=__ specific leakage area (ft*/ft)
ELA=__effective leakage area (in?)
For the

Alternatively, ELA and SLA may be determined from blower door measurements:

Equation 4.27 ELA =0.055 x CFM504

where

CFMS50y = the measured air flow in cubic feet per minute at 50 pascals for the dwelling with air
distribution registers unsealed.
Substituting Equation 4.27 into Equation 4.16 gives the relationship of the measured air flow rate to SLA:

CFM50y,

Equation 4.28 SLA =3.819x
CFA

Blower Door Testing.

ACM users may take credit for reduced infiltration and mechanical ventilation for low-rise, single-family
dwellings when verified by on-site diagnostic testing. While credit is offered The-modelforinfiltration-allows-for

reduced infiltration, the model -entries-but-also assumes that dwelling occupants will open windows when

natural ventilation and mﬂltratlon do not prowde a m|n|mum of 0.35 ACH adequate—a#quaMy—When—mﬁ#ahen

er—w#l—eeeu;—vepy—m#eqﬁenﬂy—Fan Energy The energy use of both ventllatlon exhaust fans and ventllatlon
supply fans must be entered. These ventilation fans are assumed to operate continuously and the energy use

of these fans must be included as energy use in the energy-budgetecalculated-forthe-dwellingProposed

Infiltration and Natural Ventilation Required Modeling Assumptions and Algorithms
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Design. Exceptforthe-set0.5-SLAreduction-credits;-bBoth reduced ELA/SLA and ventilation fans are
conditions which require field verification or diagnostic testing by-a-HERS+ater-and must be reported in the

HERS Required Verification listings on the Certificate of Compliance-and-the-ComputerMethod-Summary
forms.

Unconditioned Spaces. Controlled ventilation crawl spaces (CVC) and sunspaces are modeled using the air

changes per hour method. Modeling of CVC's and sunspaces are optional capabilities covered in Sections-6-4
and-6-3;respectivelyChapter 6. All optional capabilities that are used in the Proposed Design must be reported
in the Special Features and Modeling Assumptions listings on the Certificate of Compliance-anrd-the-Computer

Method-Summary-forms.

4.5.34.5.2 Natural Ventilation

The natural ventilation model is derived from the 49972001 ASHRAE Handbook of Fundamentals. The model
considers both wind effects and stack effects.

o Wind driven ventilation effeets-includes consideration of wind speed, prevailing direction and local
obstructions, such as nearby buildings or hills.

e Stack driven ventilation effeets-includes consideration of the temperature difference between indoor air and
outdoor air and the difference in elevation between the air inlet and the outlet.

For compliance purposes, the air outlet is always assumed to be 180 degrees or on the opposite side of the
building from the air inlet and the inlet and outlet areas are assumed to be equal. The default inlet area (=
outlet area) is five percent of the total window area.

4.5.4Effective Ventilation Area (EVA)

Both wind and stack driven ventilation depends linearly on the effective ventilation area (EVA). The EVAis a
function of the area of the air inlet and the area of the air outlet. For compliance purposes, the default area of
air inlet and outlet are both equal to five per cent {half-of the-total-default standard-window-opening-area)-of the
total window area, e.qg. total ventilation area is 10% of the window area. For compliance purposes a different
window opening areas may be determined from the areas of dlfferent wmdow opening types fixed, sliders,
and hinged windows. M
vatues—ter—mtet—and—eutlet—a#eas—For compllance purposes the air inlet and the air outlet are each equal to one-
half of the Free Ventilation Area-deseribed-in-Section4-13-below.

When the inlet area and outlet area are equal, the EVA is the same, i.e. equal to the inlet area or the outlet
area. Hence for compliance purposes the EVA is equal to one-half of the Free Ventilation Area.

4.5.5Stack Driven Ventilation

Stack driven ventilation results when there is an elevation difference between the inlet and the outlet, and when
there is a temperature difference between indoor and outdoor conditions. See Equation 4.29.

Equation 4.29 CFMg = 9.4 xEVA x EFFg x yHx AT
Wwhere:
CFMg=  Airflow due to stack effects, cfm.
94 = Constant-from-ASHRAE.
EVA = Effective ventilation area as discussed above, ft?sf.
EFFg = Stack effectiveness.
H= Center-to-center height difference between the air inlet and outlet.
AT = Indoor to outdoor temperature difference, °F.
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For compliance purposes the stack effectiveness shall be set at 1.0. The ACM user shall not be permitted to
alter this value.

4.5.6Wind Driven Ventilation

The general equation for wind driven ventilation is shown below. This equation works in either a direction
dependent implementation or a direction independent implementation, as explained later in the text.

Equation 4.30 CFM,, = EVA x 88 x MPH x WF x EFF, x EFF
Wherewhere:

CFM,, =  Ventilation due to wind, cfm.

EVA = Effective vent area as discussed above, sf.

88 = A constant that converts wind speed in mph to wind speed in feet per minute.

MPH = Wind speed from the weather tape, mph.

WF = A multiplier that reduces local wind speed due to obstructions such as adjacent buildings._This

input is fixed at 0.25 for compliance calculations.

EFFg, = Effectiveness of opening used to adjust for the location of the opening in the building, e.g. crawl

space vents. This accounts for insect screens and/or other devices that may reduce the
effectiveness of the ventilation opening. This input is also used to account for the location of
ventilation area, e.qg. the exceptional method for two-zone crawl space modeling provides for an
alternative input for EFF 4. This input is fixed at 1.0 for compliance calculations other than

crawlspace modeling.

EFFy4 = Effectiveness that is related to the direction of the wind relative to the inlet surface for each hour.
ASHRAE recommends that the effectiveness of the opening, EFF,,, be set to between 0.50 and

0.60 when the wind direction is perpendicular or normal to the inlet and outlet. A value of 0.25 to
0.35 is recommended for diagonal winds. When the wind direction is parallel to the surface of the
inlet and outlet, EFF , should be zero.

For compliance calculations, the orientation of the inlet and outlet is not considered. ACMs shall assume that
the wind angle of incidence at 45 degrees on all windows and only the wind speed dependence is maintained.
In this case, the product of EFF, and EFF;is equal to 0.28 regardless of the direction of the wind.

4.5.7Combined Wind and Stack Effects

Stack effects and wind effects are calculated separately and added by quadrature, as shown below. This
algorithm always adds the absolute value of the forces; that is, wind ventilation never cancels stack ventilation
even though in reality this can happen.

Infiltration and Natural Ventilation Required Modeling Assumptions and Algorithms
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Equation 4.31 CFM, = \/CFM&V +CFM2

Where:

CFM; = Total ventilation rate from both stack and wind effects, cfm.
CFMy, = Ventilation rate from wind effects, cfm.

CFMg=  Ventilation rate from stack effects, cfm.

4.5.8Determination of Natural Ventilation for Cooling

The value of CFM; described in Equation 4.31Equatioh— above gives the maximum potential ventilation when
the windows are open. Natural ventilation is available during cooling mode when Ventilation is shown as “On”
in Table R4-1. The amount of natural ventilation used by ACMs for natural cooling is the lessorlesser of this
maximum potential amount available and the amount needed to drive the interior zone temperature down to the
natural cooling setpoint temperature when natural cooling is needed and available. When natural cooling is not
needed or is unavailable no natural ventilation is used. ACMs shall assume that natural cooling is needed when
the building is in “cooling mode” and when the outside temperature is below the estimated zone temperature
and the estimated zone temperature is above the natural cooling setpoint temperature. Only the amount of
ventilation required to reduce the zone temperature down to the natural ventilation setpoint temperature is used
and the natural ventilation setpoint temperature must be constrained by the ACM to be greater than the heating
setpoint temperature.

Required Modeling Assumptions and Algorithms Infiltration and Natural Ventilation
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4.5.11Wind Speed and Direction
Standard-Desigh-&Proposed-Design-\\Wind speed affects the infiltration rate and the natural ventilation rate.

The infiltration and ventilation rate in the reference method accounts for local site obstructions. For infiltration in

the reference method this is done by using Shielding Class 4 coefficients in-the-Sherman-Grimsrud-equation
(Seetion—Equation—see 2001 ASHRAE Fundamentals, Chapter 265) to determine the stack and wind

driven infiltration and ventilation. This Shielding Class determination was made on the basis of the description
of the Shielding Classes given in the 4997-2001 ASHRAE Handbeeok-ef-Fundamentals,—+Fable 7 Page-25-22.

For-Shielding-Class4-the-description- which reads as follows:

Heavy shielding; obstructions around most of the perimeter, buildings or trees within 30 feet in most
directions; typical suburban shielding.

Eepna%HFaJ—venmahen—m—tThe reference method, CALRES adlusts the wmd speed used in calculatlons is

ebs#uehens—by—usmg—a—\mnd—faetep( hrough a WF m—Equahen—)—of O 25. See Equatlon 4. 30

4.6 Heating Systems

When-heating-systems-have-ACMs shall use the following inputs and algorithms to calculate heating energy
use.

HLoady, x HDEM;,

N seasonal,dist

Equation 4.33 NetHLoad,,, =

where

NetHLoad,, = The net heating load that the heating equipment sees. This accounts for air distribution duct
losses. If there are no air distribution ducts then NetHLoad = HLoady,.

HLoad, = Space heating load for the hour from the ACM simulation, Btu.
TNseasonal, dist = Seasonal distribution system efficiency for the heating season from Equation 4-46.
HDEM, = Heating duct efficiency multiplier for the hour calculated from Equation 4-61. This value varies

with each hour depending on outdoor temperature. A value of 1.00 is used unless the ducts
are located in the attic.

Heating Systems Required Modeling Assumptions and Algorithms
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4.6.1 Furnaces and Boilers

Once the net heating load is known, heating energy for gas fired equipment is calculated each hour by dividing
the net heating load for that hour by the AFUE. There are no hourly adjustments for part load conditions or
temperature dependencies.

Equation 4.34 FurnFuel,, = NetHLoady,
AFUE o
where
AFUEg4 = Annual fuel utilization efficiency. This is a constant for the year.
NetlLoady = The hourly load calculated from Equation 4.33_and using algorithms similar to those described

in this chapter.

4.6.2 Heat pump and Electric Furnace

The reference ACM has a heat pump model which takes account of outdoor temperature. The model uses the
following inputs.

HSPF = Rated Heating Seasonal Performance Factor
EIR47 = Defaults to 1/(0.4*HSPF)
Cap47 = Rated compressor heating capacity at 47 F. Defaults to rated cooling capacity.

If the heat pump compressor is not large enough to meet the load in the hour, the ACM assumes there is
sufficient backup resistance heat. In the case of an electric furnace, the load shall be met entirely by resistance
heat. For heat pumps, the ACM shall calculate the hourly heating electricity consumption in kWh using the
DOEZ2.1E heat pump alqorithm.25

For equipment without an HSPF rating, the HSPF may be calculated as:

Equation 4.35 HSPF = (3.2x COP)-2.4

utH&ahen-Eﬁleteney—(-AEuE)—The test method for calculatlng AFUE |gnores electrlc energy used by air
d|str|but|on fans and the contrlbut|on of the fan motor mput to the heatlng output Fhe-fan-energy-is-caleulated

With TDV, electric energy must be calculated separately from gas energy. For forced-air heating systems,
ACMs shall calculate fan energy at the rate of 0.005 watt-hours per Btu of heat delivered by the equipment.

The vast majority of residential furnaces have the fan motor in the air stream so the heat generated by the
motor contributes to heating the house. This effect may be considered in calculating the TDV -energy for
heating.

1+ 0.005(3.413)
+0.005(10.239)

AFUE

% DOE-2 Engineers manual reference.

Required Modeling Assumptions and Algorithms Heating Systems
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% All proposed designs may model additional insulation (R>4.2) for ducts when installed. The R-value modeled must be the minimum

installed insulation level for the entire duct system except as noted in Appendix F even though part of the ducts may serve unmodeled
dwellings or spaces.

The EER may be used in lieu of the SEER for equipment not required to be tested for an SEER rating.Duct
Efficiency Required Modeling Assumptions and Algorithms
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4.7 Air Conditioning Systems®’

Air conditioning systems shall be sized, installed, tested and modeled according to the provisions of this
section.

4.7.1 Cooling System Electric Energy

The reference ACM calculates the hourly cooling electricity consumption in kWh using Equation 4.38. In this
equation, the energy for the fan and the compressor are combined.

Fany;, + Compyyy

Equation 4.38 ACywh =
guation kWh 1,000
where
ACwh= Air conditioner kWh of electricity consumption for a particular hour of the simulation. This value is

calculated for each hour, combined with the TDV multipliers, and summed for the vear.

Fanwn= Fan watt-hours for a particular hour of the simulation. See Equation 4.45.

Compwh=__Compressor watt-hours for a particular hour of the simulation. This is calculated using Equation
4.39.

7 The justification for changes in this section appears in Pacific Gas and Electric Company, Time Dependent Valuation (TDV) —

Economics Methodology, Code Change Proposal, April 2, 2002. Presented at the April 2, 2002 workshop.

Required Modeling Assumptions and Algorithms 4.22
Slab Heat Loss (F2 Factor)



4-28 2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3

4. 7. 7Compressor Enerqy

The reference method calculates the energy for electrically driven compressors using the algorithms described
in this section.

Compressor watt-hours for a particular hour of the simulation shall be calculated using Equation 4.39.

CLoad hr X CDEMhr

Equation 4.39 Comp, =
o Nseasonaldist X CEt
where
Cloady, = Space sensible cooling load for the hour from the ACM simulation (Btu).
CDEM, = Cooling Duct Efficiency Multiplier for the hour calculated from Equation 4-61. This value varies

with each hour depending on outdoor temperature. A value of 1.00 is used unless the ducts
are located in the attic.

TNseasonal, dist = Seasonal distribution system efficiency for the heating season from Equation 4-46.
CE: = Sensible energy efficiency at a particular outdoor dry bulb temperature. This is calculated

using Equation 4.40 below.

Equation 4.40 CE; = EER; x(0.88 + 0.00156 x (DB, — 95))
where
DB; = Outdoor dry bulb temperature taken from the CEC weather file.
EER: = Energy efficiency ratio at a particular dry bulb temperature. EER; is calculated using Equation 4.41
below.

Equation 4.41

When
DB, <83°F  EER,=SEERy

83 <DB,<95 EER,=SEER+ ((DB,- 82)*(EER,— SEER,)/ 13)
DB, > 94 EER, = EER- (DB,- 95) * 0.12

where

SEER,; = _Seasonal energy efficiency ratio without distribution fan consumption (“nf’ = no fans), but adjusted
for refrigerant charge and airflow. This is calculated using Equation 4.42.

EERy = Energy efficiency ratio at ARI conditions without distribution fan consumption (“nf” = no fans), but
adjusted for refrigerant charge and airflow. This is calculated using Equation 4.43.

Equation 4.42 SEER, = (1 0035 x SEER +0.011x SEER? +0.00024 x SEER® )x Foor % Fair

Equation 4.43 EER = (1 10035 xEER +0.011xEER? +0.00024 x EER® )x Foo % Fair

where

SEER = Seasonal enerqgy efficiency ratio for the air conditioner.

EER = Energy efficiency ratio at ARI test conditions, if not input, then values are taken from Equation
4.44.,

Air Conditioning Systems Required Modeling Assumptions and Algorithms
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Fiw = The refrigerant charge factor, default = 0.9. For systems with a verified TXV or verified refrigerant
charge, the factor shall be 0.96.

Fair = The system air flow factor. Default cooling air flow shall be assumed in calculations for any system
in which the air flow has not been tested, certified and verified. For ACM energy calculations the
Eair multiplier shall be set to 0.925 for systems with default cooling air flow. -For systems with air
flow verified, Fir shall be 1.00.

Equation 4.44

When
SEER <11.5 EER=10-(11.5-SEER) x 0.83
11.5<=SEER EER =10

478 Fan Energy for Cooling

While in a cooling mode, the fan energy associated with the air conditioner is calculated separately from the
compressor energy according to Equation 4.45. Calculations are performed hourly.

FanW /Btu x CLoady,, x CDEM,

Equation 4.45 Fanyy, =
Nseasonal,dist
where
FanW/Btu = Fan watts per Btu of rated cooling capacity. This defaults to 0.051 W/Btu. The default value

shall be used for the Standard design. Alternate FanW/Btu may be used in ACM calculations
for the Proposed design if the actual installed fan watts are less than or equal to the simulation
value based on measurements certified by the installer and verified by a rater using the
procedure in Appendix

TNseasonal. dist. = Seasonal distribution system efficiency for the cooling season from Equation 4-46.

4.7.2 Compressor Sizing

The Design Cooling Capacity shall be calculated using the procedure in ACM RM-2005 The Maximum
Allowable Cooling Capacity shall be calculated using the procedure in ACM RM-2005. For ACM energy
calculations all loads are assumed to be met in the hour they occur regardless of the compressor size.

4.7.3 Cooling System Refrigerant Charge

Proper refrigerant charge is necessary for electrically driven compressor air conditioning systems to operate at
full capacity and efficiency. The presence of a thermostatic expansion valve (TXV) mitigates the impact of
charge problems. Field measurements indicate that typical California air conditioning systems are installed
without proper charge, and for ACM energy calculations, the Fi,, factor is set to 0.90 to account for the impact
of this condition. If the system is properly charged or a TXV is installed, certified and verified according to the
procedures of ACM RK-2005 the F,, factor may be set to 0.96 for ACM energy calculations. See Equation 4.42

and Equation 4.43.

4.7.4 Air Handler Air-Fflow

The efficiency of an air conditioning system is affected by air flow across the evaporator. Cooling system air
flow is specified in cubic feet per minute per ton (cfm/ton) where one ton of capacity is 12,000 Btu/hour at ARI
rated conditions. Cooling air-flow is the flow achieved under normal air conditioning operation with the cooling
coil wet from condensation.

Required Modeling Assumptions and Algorithms Air Conditioning Systems
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Adequate Airflow Verification

Verifying adequate air flow is required to allow air conditioning systems to operate at their full efficiency and
capacity. Credit may be taken for adequate air flow in ACM calculations by setting the F;; factor (see Equation
4.42 and Equation 4.43) to 1.0, but air flow must be tested, certified and verified using the procedures of ACM
RL-2005. When an adequate airflow credit is claimed, the duct design, layout, and calculations must also be
submitted to the local enforcement agency and to a certified HERS rater. Without airflow tests, no credit is
allowed for ACM energy calculations and the F,;; multiplier shall be set to 0.925.

The installer shall measure and certify the air-flow. The certified HERS rater shall verify the existence of the
duct design layout and calculations, verify that the field installation is consistent with this design, and verify the
air-flow rate.

Sufficient Flow for Valid Standard Refrigerant Charge Test

Adequate air-flow is also required to ensure that the refrigerant charge procedure in ACM RK-2005 will produce

valid results. Verifying adequate airflow is a prerequisite for the refrigerant charge test. Either the flow
measurement procedure or the temperature split test of ACM RK-2005 may be used to demonstrate Sufficient
Air Flow.

Air Handler Fan Flow

Table R4-9 shows the criteria used for calculations and measurement of air-flow for cooling systems. If a flow
test is done using the fan only switch on the air handler, the coil will be dry allowing higher airflow, and the Dry
Caoil criterion shall be used.

Table R4-9 Air-flow Criteria

Note: All air-flows are for the fan set at the speed used for air conditioning.

Test and Condition Cooling air flow (Wet Coil) Test Flow if Dry Coil
Default Cooling Airflow 300 cfm/ton N/A

Flow needed for a valid refrigerant charge test 350 cfm/ton (See Note 1) 400 cfm/ton

Airflow needed for compliance credit 400 cfm/ton 450 cfm/ton

Note 1. In lieu of airflow measurements, the system can pass the temperature split test documented in

4.8 Duct Efficiency

The reference method uses the following algorithms and procedures for determining duct and HVAC
distribution efficiency.

4.8.1 Building Information and Defaults

There are two calculation procedures to determine seasonal air distribution efficiency using either 1) default
input assumptions or 2) diagnostic measurement values. Air distribution efficiencies for heating and cooling
shall be calculated separately. The ACM shall require the user to choose values for the following parameters to
calculate seasonal duct efficiencies. The ACM shall use the defaults shown in Table R4-10 [brackets] for the
Standard Design®::

% All proposed designs may model additional insulation (R>Package D) for ducts when installed. The R-value modeled must be the

minimum installed insulation level for the entire duct system except as noted in Appendix RF even though part of the ducts may serve
unmodeled dwellings or spaces.

Duct Efficiency Required Modeling Assumptions and Algorithms
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4-31

Table R4-10 — Duct Parameters, Default and Diagnostic Values

Standard Design

Proposed Design

Parameter Value Default Diagnostic Value

1. Location of the duct system. Ducts in the attic RF4.1

2. Insulation level of ducts Package D Package D RF4.2
requirement requirement

3. The surface area of ducts or separate supply and return  27% of conditioned floor area (CFA) for RF4.1

surface areas or the installer measured and HERS rater verified supply duct surface area; 5% CFA for return

reduced surface area of supply ducts in conjunction with AGGA duct surface area in single story dwellings

Manual-Da complete design and installer measured and HERS and 10% CFA for return duct surface area in

rater verified adequate air fan flow consistent with the ACGA dwellings with two or more stories

Manual-D-design as specified in 5. below.

4. The leakage level of the duct system. Two values are 6% of fan flow 22% of fan flow RF4.3

possible for the proposed design: 6% of fan flow if installer

measured and HERS rater verified at no more than 6% of fan

flow, otherwise 22% of fan flow shall be used.

ACCA-manual-d

5. Designation for systems with less than 12 feet of duct No No RF4.1

outside conditioned space .

6. Attic duct efficiency with radiant barrier in accordance Yes in climate zones  No radiant barrier Field Verify

with Package D requirements .

where required by

Package D,
otherwise No

When any duct efficiency credit is claimed beyond the default assumptions that requires diagnostic testing or

verification, i.e. when non-default values (except HVAC equipment capacities) are used to determine duct

efficiency, the leaks in the air distribution system connections shall not be sealed with cloth back rubber

adhesive duct tapes unless such tape is used in combination with mastic and drawbands and this requirement

must be specified in the Special Features and Modeling Assumptions listings and the Field Verification and

Diagnostic Testing listings on the CF-1R.

The calculation procedure for determining air distribution efficiencies requires the following building information

which is taken from the description of the proposed design.

Climate zone for the building,

Conditioned floor area,

Number of stories,

S A

Supply duct location and

5. Floor type.

When more than one HVAC system serves the building or dwelling, the HVAC distribution efficiency is

determined for each system and an conditioned floor area-weighted average seasonal efficiency is determined
based on the inputs for each of the systems.

When an existing HVAC system is extended to serve an addition, the default assumptions for duct and HVAC
distribution efficiency must be used for both the Proposed Design and the Standard Design. However, when a
new, high efficiency HVAC distribution system is used to serve the addition or the addition and the existing
building, that system may be modeled to receive energy credit subject to diagnostic testing and verification of
proper installation by a HERS rater.

Diagnostic inputs may be used for the calculation of improved duct efficiency in the Proposed Design. The
diagnostics include observation of various duct characteristics and measurement of duct leakage as described
in Table R4-10. These observations and measurements replace those assumed as default values.

Required Modeling Assumptions and Algorithms Duct Efficiency
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4.8.2 Seasonal Distribution System Efficiency

The seasonal distribution system efficiency shall be calculated separately for the heating and cooling seasons
using Equation 4-1 based on the seasonal delivery effectiveness from _, and the thermal recovery factor from
Equation 4-50. Note that DEgqasonal. Frecovmust be calculated separately for cooling and heating conditions.

Distribution system efficiency shall be determined using the following equation:

Equation 4-46 Ndist,seasonal = 0.98 DEgeas0nal % Frecov

where 0.98 accounts for the energy losses from heating and cooling the duct thermal mass. F e, is from
Equation 4-60.

4.8.3 Seasonal Delivery Effectiveness

The seasonal delivery effectiveness for heating or cooling systems shall be calculated using Equation 4-47.
This value is calculated separately for the heating season and the cooling season.

Equation 4-47 DE seasonal =@sBs -asBs(1-B,a, )% -ag(1-Byg) il:
where
B = Conduction fraction for return as calculated from Equation 4-48.
B = Conduction fraction for supply as calculated from Equation 4-49.
AT = Temperature rise across heat exchanger, °F. This value changes for heating and cooling modes.
AT, = Temperature difference between indoors and the ambient for the return, °F. This value changes for
heating and cooling modes.
AT = Temperature difference between indoors and the ambient for the supply, °F. This value changes
for heating and cooling modes.
ar= Duct leakage factor (1-return leakage) for return ducts. A value is selected from Table R4-13.
as= Duct leakage factor (1-supply leakage)p for supply ducts. A value is selected from Table R4-13.
Equation 4-48 B =exp {m?gﬁ]
Equation 4-49 B, =exp [m?&ﬁ}
where
Asout = Surface area of supply duct outside conditioned space, ft>. See Section 4.8.4 for default values.
Arout = Surface area of return duct outside conditioned space, ft’. See Section 4.8.4 for default values.
Q.= Flow through air handler fan at operating conditions, ¢fm. This is determined from 4.8.8.
R.= Thermal resistance of return duct, h ft* F/Btu. See Section 4.8.7 for default values.
Rs = Thermal resistance of supply duct, h ft* F/Btu. See Section 4.8.7 for default values.

Duct Efficiency Required Modeling Assumptions and Algorithms
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4.8.4 Duct Surface Area

The supply-side and return-side duct surface areas shall be calculated separately. If the supply or return duct is
located in more than one zone, the area of that duct in each zone shall be calculated separately. The duct
surface area shall be determined using the following methods.

Default Duct Surface Area
Duct Surface Area for More than 12 feet of Duct Outside Conditioned Space

The default duct surface area for supply and return shall be calculated as follows:

For supplies:

Equation 4-50 As total = 0.27 x Aqigor

For returns:

Equation 4-51 Ar total =Kr X Afigor

Where K, (return duct surface area coefficient) shall be 0.05 for one story building and 0.1 for two or more
stories.

Duct Surface Area for Less Than 12 feet of Duct Outside Conditioned Space

For HVAC systems with air handlers located outside the conditioned space but with less than 12 feet of duct
located outside the conditioned space including air handler and plenum, the duct surface area outside the
conditioned space shall be calculated as follows:

Equation 4-52 Asout =0.027 x Agoor

Where A o is substituted for As atic; As crawi; OF As pase depending on the location of the ducts.

Diagnostic Duct Surface Area

A well-designed duct system can reduce the length of the supply duct. Smaller duct surface area will result in
reduced duct conduction losses. Duct surface area shall be calculated from measured duct lengths and
nominal outside diameters (for round ducts) or outside perimeters (for rectangular ducts) of each duct run in the
building. Improved conduction losses can be claimed for reduced supply duct surface area only (it does not
apply to the return duct). Supply plenum surface area shall be included in the supply duct surface area.
Diagnostic duct surface area requires measuring duct surface areas separately for each location outside
conditioned space (As atic: As.crawls OF As base ) and the system fan flow using the methods in ACM RL-2005 to
ensure that there is sufficient air flow to deliver the designed heating and cooling loads, see Table R4-9 for
criteria.

4.8.5 Duct Location

Duct location determines the external temperature for duct conduction losses, the temperature for return leaks,
and the thermal regain of duct losses. Default duct locations shall be obtained from Table R4-11. The default
duct surface area for crawlspace and basement applies only to buildings with all supply ducts installed in the
crawlspace or basement. If the supply duct is installed in locations other than crawlspace or basement, the
default supply duct location shall be “Other”.

If ducts are installed in multiple locations, air distribution efficiency shall be calculated for each duct location. Total
air distribution efficiency for the house shall be the weighted average based on the floor area served by each duct

system.

Required Modeling Assumptions and Algorithms Duct Efficiency
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Table R4-11 —Default Assumptions for Duct Locations

Supply or Return Duct Supply Duct Surface Area Return Duct Surface Area
Location One story Two or more story One story Two or more story
Attic 100% attic 65% attic 35% conditioned space 100% attic 100% attic
Crawlspace 100% crawlspace 65% crawlspace 35% conditioned 100% attic 100% attic
space
Basement 100% Basement 65% basement 35% conditioned  100% Basement 100% Basement
space
Other 100% attic 65% attic 35% conditioned space 100% attic 100% attic

4.8.6 Climate and Duct Ambient Conditions for Ducts Outside Conditioned Space

Duct ambient temperature for both heating and cooling at different duct locations shall be obtained from Table
R4-12. Indoor dry-bulb (T;,) temperature for cooling is 78 °F. The indoor dry-bulb temperature for heating is 70
°F. Reduction of attic temperature and the reduction in solar radiation effect due to radiant barriers shall only be
applied to cooling calculations. The eligibility criteria for radiant barriers is given in 4.2.1. Attic temperatures for
houses with radiant barriers shall be obtained from Table R4-12.

Table R4-12 — Default Assumptions for Duct Ambient Temperature (°F)

Ambient Temperature for Heating, Theatamb Ambient Temperature for Cooling, Tcool.amb
Climate Attic Crawlspace Basement Attic Attic w/ Attic w/ Crawlspace Basement
zone radiant barrier radiant barrier
suppl (return)
1 52.0 52.2 48.9 60.0 654 61.2 54.0 491
2 48.0 48.7 56.5 87.0 84.3 84.2 78.0 64.5
3 55.0 54.9 58.3 80.0 794 78.2 71.8 62.8
4 53.0 531 56.6 79.0 78.7 774 70.9 614
5 49.0 49.6 52.3 74.0 75.2 731 66.4 56.8
6 57.0 56.7 59.9 81.0 80.1 791 27 64.1
4 62.0 61.1 60.4 74.0 75.2 731 664 61.6
8 58.0 57.6 60.1 80.0 794 78.2 718 63.9
9 53.0 531 59.6 87.0 84.3 84.2 78.0 664
10 53.0 531 611 91.0 871 87.6 81.6 68.9
1 48.0 48.7 59.5 95.0 89.9 91.0 851 69.5
12 50.0 504 59.3 91.0 871 87.6 81.6 67.8
13 48.0 48.7 584 92.0 87.8 884 824 67.6
14 39.0 40.7 554 99.0 92.7 944 88.7 68.6
15 50.0 504 634 102. 94.8 96.9 91.3 74.6
16 32.0 344 43.9 80.0 79.4 78.2 71.8 54.1

4.8.7 Duct Wall Thermal Resistance

Default Duct Insulation R-value

Default duct wall thermal resistance is determined from the Package D prescriptive requirements. An air film
resistance of 0.7 (h-ft2>-°F/Btu) shall be added to the duct insulation R-value to account for external and internal
film resistance.

Duct Efficiency Required Modeling Assumptions and Algorithms
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Diagnostic Duct Wall Thermal Resistance

Duct wall thermal resistance shall be determined from the manufacturer’s specification observed during
diagnostic inspection. If ducts with multiple R-values are installed, the lowest duct R-value shall be used. If a
duct with a higher R value than required by Package D is installed, the R-value shall be clearly stated on the
building plan and a visual inspection of the ducts must be performed to verify the insulation values. In case the
space on top of the duct boot is limited and cannot be inspected, the insulation R-value within two feet of the
boot to which the duct is connected may be excluded from the determination of the overall system R-value.

4.8.8 Fan Flow

Default System Fan Flow

The default cooling fan flow with an air conditioner and for heating with a heat pump for all climate zones shall
be obtained from Table R4-9.

The default heating fan flow for forced air furnaces for all climate zones shall be calculated as follows:

Equation 4-53 Q¢ =0.50 x Aqpor

4.8.9 Duct Leakage

Duct Leakage Factor for Delivery Effectiveness Calculations

Duct leakage factors shown in Table R4-13 shall be used in calculations of delivery effectiveness. Default duct
leakage factors shall be obtained from Table R4-13, using the “not Tested” values.

Required Modeling Assumptions and Algorithms Duct Efficiency




4-36 2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3

Table R4-13 — Duct Leakage Factors

Duct Leakage Diagnostic Test Performed using

Case Section 4.3.8.2 Procedures as=a. =
Duct systems in homes built prior to 1999 Not tested 0.86
Duct systems in homes built after 1999 Not tested 0.89
Duct systems in homes of all ages, (Qys) Total leakage is 0.96
System with refrigerant based cooling, tested after house and less than 0.06 Qecool

HVAC system completion

Duct systems in homes of all ages, (Qy5) Total leakage is 0.96
System without refrigerant based cooling, tested after house less than 0.06 Qeneat

and HVAC system completion

Duct systems with refrigerant based cooling, in homes built (Qs5) Total leakage is 0.96
after 1999 less than 0.06 Qecool

System tested with air handler installed, but prior to installation  and final duct integrity verified

of the interior finishing wall

Duct systems without refrigerant based cooling, in homes built  (Q,s) Total leakage is 0.96
after 1999 less than 0.06 Qeneat

System tested with air handler installed, but prior to installation  and final duct integrity verified

of the interior finishing wall

Duct systems with refrigerant based cooling, in homes built (Qys5) Total leakage is 0.96
after 1999 less than 0.04 Qecool

System tested without air handler installed, but prior to and final duct integrity verified

installation of the interior finishing wall

Duct systems without refrigerant based cooling, in homes built  (Q,s) Total leakage is 0.96

after 1999
System tested without air handler installed, but prior to
installation of the interior finishing wall

less than 0.04 Qeheat

and final duct integrity verified

Diagnostic Duct Leakage

Diagnostic duct leakage measurement is used to quantify total leakage for the calculation of air distribution
efficiency. To obtain the improved duct efficiency for sealing the duct system, a diagnostic leakage test as
described in ACM RF-2005 must be performed. Diagnostic testing may not be done on any HVAC system that
uses building cavities such as plenums or a platform return.

4.8.10 Calculation of Duct Zone Temperatures

The temperatures of the duct zones outside the conditioned space are determined in Table R4-12 for seasonal
conditions for both heating and cooling. If the ducts are not all in the same location, the duct ambient
temperature for use in the delivery effectiveness and distribution system efficiency calculations shall be
determined using an area weighted average of the duct zone temperatures.

. _ (As,attic +0.001)Tattic + As,crawl X Torawl + As,base x Thase
Equation 4-54 Tambs =
’ Asgout +0.001

Equation 4-55 Tamb,r _ Ar,attic Tattic + Ar,crawl % Torawl + Ar,base % Thase

Ar,out

The return ambient temperature, Tamp,. Shall be limited as follows:

e For heating, the maximum T,mp.iS Tin heat-

e For cooling, the minimum TampiS Tincool:

Duct Efficiency Required Modeling Assumptions and Algorithms
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4.8.11 Temperature Difference Across Heat Exchanger

The temperature difference across the heat exchanger in the following equation is used:

for heating:

Equation 4-56 AT, =55
for cooling:
Equation 4-57 AT, =-20

4.8.12 Indoor to Duct Location Temperature Differences

The temperature difference between the building conditioned space and the ambient temperature surrounding
the supply, A Ts and return, A T, shall be calculated using the indoor and the duct ambient temperatures.

Equation 4-58 AT = Tin - Tambs

Equation 4-59 AT, = Tin - Tambr

4.8.13 Thermal Regain (F

vegain)

The reduction in building load due to regain of duct losses shall be calculated using the thermal regain factor.
The default thermal regain factors are provided in Table R4-14.

Table R4-14 — Thermal Regain Factors

Supply Duct Location Thermal Regain Factor [Fregain]
Attic 0.10
Crawlspace 0.12
Basement 0.30
Other 0.10

4.8.14 Recovery Factor (F,....)

The recovery factor, Frcov, is calculated based on the thermal regain factor, F eqain, and the duct losses without
return leakage.

AT, AT,
1-a4Bg +agBg(1- Br)ﬁ +ag(1- BS)AT:

Equation 4-60 Frecov =1+ Fregain DE
seasonal

4.9 Hourly Attic Duct Efficiency Multipliers29

The algorithm in this ACM-appendixsection shall be used to model the hourly variation in duct efficiency for
ducts located in attics. No variation is modeled for ducts located in spaces other than attics. The multipliers are
determined as described in Section 4.5.1 below:

% Wilcox, B and Brandemuhl, M, “Hourly Attic Duct Efficiency Model for California Homes”, PG&E TDV project 2002.
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4.9.1 Hourly Duct Efficiency Multipliers

The hourly duct efficiency multiplier for ducts in attics shall be calculated for each hour using Equation 4-61

through Equation 4-64.

Equation 4-61

Equation 4-62

AT
DEM;, =1+ Cpr x[&—q

Tsol ,season

ATsol,hr = Tsolair,hr - Tin,hr

Equation 4-63

a

Equation 4-64

Tsolair,hr = lamb,hr +[h thor,hr - ATsky

(o]

C/
Cpr=Cy+ "R +C,L
ot = Co Ryt T CLduct

where

DEMp, = The hourly multiplier for ducts located in attics. This value is calculated for each hour and
separately for the heating season (HDEM},) and cooling season (CDEMj,).

Tsolair, br Sol-air temperature, °F. See Equation 4-63.

Tintr Indoor air dry-bulb temperature, °F. This is 78 °F when the building is in a cooling mode and
7068 °F when the building is in a heating mode.

Tamb.hr Outdoor air dry-bulb temperature, °F. From the CEC weather file.

ATy Reduction of sol-air temperature due to sky radiation, = 6.5 °F.

horr Global solar radiation on horizontal surface, Btu/h-ft>. From the CEC weather file.

a Solar absorptivity of roof = 0.50.

h, Outside surface convection coefficient, = 3.42 Btu/h-ft>-°F.

ATsol,_season Energy weighted seasonal average difference between sol-air and indoor temperatures. This is
taken from Table R4-16.

Ruuct Duct insulation R-value, hr ft*°F/Btu.

Lyt Duct leakage as fraction of supply airflow, dimensionless.

Cpr, Co, Cr, C, Regression coefficients. See Table R4-15.

Hourly Attic Duct Efficiency Multipliers Required Modeling Assumptions and Algorithms



2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3 4-39

Table R4-15 — Coefficients

Cooling Heating
Radiant Barrier No Radiant Barrier Radiant Barrier No Radiant Barrier
Co (Unitless) 0.0078 0.0186 0.0350 0.0205
Cr (h-ft*-°F/Btu) 0.1222 0.0877 0.0794 0.1202
C (Unitless) 0.5480 0.2995 0.0714 0.2655

Table R4-16 — Seasonal Sol-Air Temperature Difference, °F

Climate Zone Cooling Heating
1 23.00 -20.01
2 31.69 -23.64
3 23.66 -18.90
4 26.29 -21.13
5 26.02 -20.25
6 23.79 -17.12
7 25.17 -17.16
8 30.89 -19.46
9 32.73 -18.85
10 33.34 -21.53
" 34.24 -24.38
12 34.65 -23.31
13 34.53 -22.92
14 35.29 -25.64
15 33.33 -20.32
16 29.43 -29.86
4.94.10 Water Heating Calculations-Method

The water heating budget is the TDV energy that would be used by a system that meets the requirements of
the standards (See Section 3.7 for details). The calculation procedure is documented in ACM RN-2005.

Required Modeling Assumptions and Algorithms Water Heating Calculations Method
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ARL,

Eguation4-36
=G Ha-

CFA4, Y ,
, 00855347 —— | +3.61307 |+ 6.036
\1TUUU/ TO00/
SRL = Egquation4-37
¢ ; NmbrSys,

/'_({\
N
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Recire/iNoControl 152 152
RecirefFimer 428 Ra
Recirc/Temp 105 105
Recire/Bemand 0:98 Ra
Recirc/Time+Temp 096 na
Recire/Bemand+HWR 680 Ra
Recirc/Demand-+Pipe 090 na
Insulation

i =
1+ 1040 9 0.920
2 0-990 10 0.920
3 0-990 i 0.920
4 =070 2 =070
5 =070 3 0.920
6 0.920 14 1040
7 0-920 15 0-920
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J 365 J J
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ARL, x SEM,

| JARLJ. +(Jz,)
/ |_EFFJ. x EAF,

1 117

1 PITOT ( 8760 \—|LV('A I Eauation4-42
T \ g & k n S| HaaL

[SBL-has-been—deleted-from-this-equation}]
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2 0775 0750
3 0775 0750
4 0.865 0.850
5 0.865 0.850
6 0.910 0.900
7 0.910 0.900
8 0.955 0.950
9 0.910 0.900
10 0.955 0.950
-1 0.910 0.900
12 0.865 0.850
13 0.910 0.900
14 0.910 0.900
15 1000 1000
16 0730 0700

Coefficient Storage Gas Large Storage Gas-and Storage Electric-and Heat
Indirect Gas Pumps
e 0-00793 0-04+136 0-04010
f 15-67 +1-8 +1-8
g 9 50 50
4.21.7Jacket Loss

The. loss.for | il |
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L :(TSAj(l35_6O'3) ' (FTL)(EFF‘VEAF‘\Y 8760 ) Equation 4.44
7\ RTI +REI AL 1000000 )

Where
TSA =—Tank-surface-area(ft%):
REl =—R-value-of-exterior-insulating-wrap-
754,(135-60.3) ) -
)(SBL;)(135-60.3) - FTL, — PILOT, )(EFFj XEAFJ. ) ) S

)
i
N
Il

(
S 834spoL,

% see Davis Energy Group report, Section I, Page A-8.
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5. Minimum Capabilities Tests

THIS CHAPTER WILL BE REVISED, BUT WITH THE NEXT DRAFT. NO CHANGES HAVE YET BEEN MADE.

This section describes the methods used to test the minimum modeling capabilities of candidate ACMs. There
are three sets of tests: space conditioning tests, water heating tests and standard design generator tests. The
space conditioning tests are performed using a simple square building prototype. The water heating tests are
performed relative to several prototype water heating systems. The standard design generator tests use a
single prototype building designed to have a wide variety of features. Most of the tests are performed in only
five climate zones, but some require consideration in all sixteen climate zones.

Note: Except for tests 39 through 42, the minimum capabilities tests and optional capability tests do not include
the SSEER adjustment added as part of the 2000 update as described in Chapter 3. This enables the runs
used for the 1998 standards to be reused in this document. This requires that ACMs be programmed with
some type of switch to allow the SEER (SEERemperature) t0 be set to the input SEER, and the installation (Finstan)
and TXV (Fy,) factors to be set to 1.0 for these tests. This feature may not be used for compliance runs and
should not be accessible by compliance users. |

5.1 Prototype Building

The prototype buildings are illustrated below and described in the following paragraphs. Each is presented in
much greater detail on diskettes available from the California Energy Commission®'. Letter designations are
used for the prototype buildings. The letter is used as part of the label for each computer run.

A This prototype is a square box used for most of the space conditioning tests.

B The second prototype building is identical to the first except that it has raised floor construction, instead
of a slab-on-grade.

C This prototype is a 3,534 ft2, one and two-story, single-family detached custom home.

TR

10 ft

T

Figure 5-1 - Prototype Buildings A and B

% Write to ACM TEST FILES, California Energy Commission, 1516 Ninth St., MS#25, Sacramento, CA 95814-5512 to obtain copies of
these input files on 3.5 inch, 1.44 Mbyte diskettes.

Minimum Capabilities Tests Prototype Building
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Figure 5-2 - Prototype C

Prototype buildings A and B have the same conservation features in all climate zones (see Table R5-1 below).
The specific values associated with each of the basecase conservation measures is also summarized in the
CALRES input files available from the Commission (see footnote 1 for this Chapter).

Prototype Building Minimum Capabilities Tests
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Table R5-1 - Basecase Conditions for Prototypes A and B

Component Basecase Level Notes
Roof U-value 0.034

Wall U-value 0.088

Floor U-value 0.037

Slab F2 factor 0.76 4
Door U-value 0.330

Thermal Mass Slab 20% exposed, 80% covered 3
SHGC (exterior device) - (bugscreen) 0.76

SHGC (interior) 0.68

SHGC (fenestration - includes framing) 0.70

Window type Sliders 5
Fenestration U-Value 0.75

Gas furnace AFUE 0.78 1

Air conditioner SEER 10.0

HVAC ducts R-4.2 Ducts in Attic 2
SLA 4.9 6
Notes:

1 The AFUE(eff) is 0.7629 when the heat contribution and energy use of the fan is considered.

2 Duct efficiencies are as described for the standard design in Chapter 3 using the default values for an air conditioner with

36,000 Btu/hr cooling capacity.

3 Prototype B has thermal mass equivalent to 5% of the raised floor area in 2 inch thick exposed concrete per Section 3.6..

4 Assumes 80% of the slab at building perimeter is carpeted or covered.

5 The default natural ventilation assumptions are used. 10% of the window area is operable (half of this is inlet and half is

outlet). Height difference between inlet and outlet is 2 feet.
6 Based on having ducts in unconditioned attic space.

The computer runs used to generate the ACM tests are based on the standard modeling assumptions
described in Chapter 4. Copies of these computer runs are available to assist candidate ACMs in setting their
programs up for CEC approval. These input files may be obtained by writing the Residential Buildings Office,
California Energy Commission, 1516 Ninth Street (MS-25), Sacramento, California 95814.

5.2 Labeling Computer Runs

Each computer run used to test the minimum space conditioning capabilities is given a precise designation to
make it easier to keep track of the runs and to facilitate analysis. The following scheme is used:

Minimum Capabilities Tests Labeling Computer Runs
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12 A 04

A
Variation on the basecase building used to test minimum
space conditioning capabilities (usually the same as the
test number)

Prototype A

Climate zone 12

5.2.1 Basecase Runs

The first series of runs establish the basecase against which the other runs are compared. The variation
number for the basecase run is "00". The basecase energy use is calculated for prototype A in all sixteen
climate zones. The energy usage for the other prototypes is calculated only for climate zones 3, 9, 12, 14 and
16. It is important to note that only two input files are required for these computer runs since measures do not
change from climate zone to climate zone. The label for these tests are shown in the table below. Total of 21
Runs.

Table R5-2- Basecase Run Labels

Building Prototype

Climate Zone A B

1 01A00 _

2 02A00 _

3 03A00 03B00

4 04A00 —

5 05A00 _

6 06A00 _

7 07A00 _

8 08A00 _

9 09A00 09B00

10 10A00 _

11 11A00 _

12 12A00 12B00

13 13A00 _

14 14A00 14B00

15 15A00 _

16 16A00 00B16

Test One

The purpose of the first test is to check the prediction of the ACM for relative heating and cooling loads. The
heating efficiency is increased and the cooling equipment efficiency is decreased. When the changes in
heating and cooling efficiency are made, additional energy use must result. Total of 19 Runs.

Labeling Computer Runs Minimum Capabilities Tests
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Table R5-3- Test One Inputs

Run Label New Heating Efficiency New Cooling Efficiency
02A01 0.85 8.0
03A01 0.85 5.5
04A01 0.85 7.0
05A01 0.85 5.5
06A01 0.95 6.5
07A01 0.95 7.0
08A01 0.95 7.5
09A01 0.95 8.0
10A01 0.95 8.5
11A01 0.95 8.1
12A01 0.95 7.8
13A01 0.95 8.8
14A01 0.95 8.4
16A01 0.85 5.5
03B01 0.85 6.0
09B01 0.95 8.8
12B01 0.95 7.5
14B01 0.95 8.2
16B01 0.85 5.8

Test Two

Test two is similar to test one except that the cooling efficiency is increased and the heating efficiency is
decreased, just the opposite of test one. When the changes in heating and cooling efficiency are made,
additional energy use must result. Total of 19 Runs.

Minimum Capabilities Tests Labeling Computer Runs
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Table R5-4- Test Two Inputs

Run Label New Heating Efficiency New Cooling Efficiency
02A02 0.65 125
03A02 0.72 12.5
04A02 0.66 12.5
05A02 0.65 12.5
06A02 0.55 125
07A02 0.50 12.5
08A02 0.49 12.5
09A02 0.45 12.5
10A02 0.45 125
11A02 0.63 12.5
12A02 0.62 12.5
13A02 0.52 12.5
14A02 0.57 125
16A02 0.75 12.5
03B02 0.70 12.5
09B02 0.46 12.5
12B02 0.61 125
14B02 0.59 12.5
16B02 0.74 12.5

Test Three

Test three is performed only for prototype A in five climate zones, 3, 9, 12, 14 and 16. The ceiling U-value is
reduced to 0.023 from the basecase of 0.033. The south glass area is increased a specific amount for each
climate zone. Each of these computer runs must result in greater energy use than the prototype A basecase.
Total of five runs.

Table R5-5 - Test Three Inputs

Run Label Roof U-value South Glass Area
03A03 0.023 200
09A03 0.023 120
12A03 0.023 140
14A03 0.023 160
16A03 0.023 160

Test Four

Test four is performed only for prototype A in five climate zones, 3, 9, 12, 14 and 16. The wall U-value is
reduced to 0.060 from the basecase of 0.088. The west glass area is increased a specific amount for each

Labeling Computer Runs Minimum Capabilities Tests
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climate zone. Each of these computer runs must result in greater energy use than prototype A. Total of five
runs.

Table R5-6 - Test Four Inputs

Run Label Wall U-value West Glass Area
03A04 0.060 170
09A04 0.060 130
12A04 0.060 119
14A04 0.060 121
16A04 0.060 150

Test Five

Test five is performed only for prototype A in five climate zones, 3, 9, 12, 14 and 16. R-7 slab edge insulation is
added, i.e. an F2 factor of 0.65 is used instead of the 0.76 used in the basecase. The north glass area is
increased a specific amount for each climate zone. Each of these computer runs must result in greater energy
use than prototype A. Total of five runs.

Table R5-7 - Test Five Inputs

Run Label F2 Factor North Glass Area
03A05 0.51 220.5
09A05 0.51 150
12A05 0.51 170
14A05 0.51 160
16A05 0.51 180

Test Six

Test six is performed only for prototype A in four climate zones: 9, 12, 14 and 16. The glazing U-value is
changed to 0.54 instead of the 0.75 used in the basecase. The north glass area is increased a specific amount
for each climate zone. Each of these computer runs must result in greater energy use than prototype A. Total
of four runs.

Table R5-8 - Test Six Inputs

Run Label Glazing U-value North Glass Area
09A06 0.54 192
12A06 0.54 286
14A06 0.54 269
16A06 0.54 300

Minimum Capabilities Tests Labeling Computer Runs
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Test Seven

Test seven is performed only for prototype A in five climate zones: 3, 9, 12, 14 and 16. The fenestration U-
value is increased to 1.28 (single glass) from the basecase 0.75 (mild climate zone standard). The solar heat
gain coefficients for the window are also changed to account for the single glass (SHGCs, = 0.80). The glass
area is reduced uniformly on all orientations. Ventilation area also varies with glass area, remaining at 10% of
the total area. Each of these computer runs must result in greater energy use than prototype A. Total of five
runs

Table R5-9 - Test Seven Inputs

Run Label Glass U-value SHGC fen Glass Area on Each Orientation
03A07 1.28 0.80 55
09A07 1.28 0.80 71
12A07 1.28 0.80 65
14A07 1.28 0.80 63
16A07 1.28 0.80 51
Test Eight

Test eight is performed only for prototype A in five climate zones: 3, 9, 12, 14 and 16. The percent of the slab-

on grade that is exposed thermal mass is increased: 500 ft2 is exposed and 1100 ft2 is carpeted. The slab
edge heat loss, however, is unaffected; the F2 factor remains at 0.76. The south glass area is increased a
specific amount for each climate zone. Each of these computer runs must result in greater energy use than
prototype A. Total of five runs.

Table R5-10 - Test Eight Inputs

Run Label Exposed Mass South Glass Area
03A08 31.25% 195
09A08 31.25% 128
12A08 31.25% 131
14A08 31.25% 160
16A08 31.25% 128

Test Nine

Test nine is identical to test eight except west glass area is increased. This test is performed only for prototype
A in five climate zones: 3, 9, 12, 14, and 16. Each of these computer runs must result in greater energy use
than prototype A. Total of five runs.

Labeling Computer Runs Minimum Capabilities Tests
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Table R5-11 - Test Nine Results

Run Label Exposed Mass West Glass Area
03A09 31.25% 158
09A09 31.25% 131
12A09 31.25% 118
14A09 31.25% 113
16A09 31.25% 128

Test Ten

Test ten is identical to test eight except north glass area is increased. This test is performed only for prototype
A in five climate zones: 3, 9, 12, 14 and 16. Each of these computer runs must result in greater energy use
than prototype A. Total of five runs.

Table R5-12 - Test Ten Results

Run Label Exposed Mass North Glass Area
03A10 31.25% 152
09A10 31.25% 199
12A10 31.25% 141
14A10 31.25% 126
16A10 31.25% 112

Minimum Capabilities Tests Labeling Computer Runs
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Test Eleven

Test eleven is identical to test eight except east glass area is increased. This test is performed only for
prototype A in five climate zones: 3, 9, 12, 14 and 16. Each of these computer runs must result in greater
energy use than the prototype A basecase. Total of five runs.

Table R5-13 - Test Eleven Results

Run Label Exposed Mass East Glass Area
03A11 31.25% 184
09A11 31.25% 150
12A11 31.25% 127
14A11 31.25% 117
16A11 31.25% 119

Test Twelve

Test twelve is performed only for prototype A in five climate zones, 3, 9, 12, 14 and 16. The floor is changed
from a slab-on-grade floor to a raised wooden floor over a crawl space with an overall U-value of 0.037.
Exterior shading devices are used in other climate zones 9, 12 and 14 on all windows, to achieve the SHGCq,,

values indicated below. Glass area on the west facade is increased a specific amount for each climate zone.
Each of these computer runs must result in greater energy use than prototype A. Total of five runs.

Table R5-14 - Test Twelve Inputs

Run Label Raised Floor - U-value SHGCfen West Glass Area
03A12 0.037 0.80 64
09A12 0.037 0.40 180
12A12 0.037 0.40 125
14A12 0.037 0.40 140
16A12 0.037 0.80 120
Test Thirteen

In test thirteen, an interior shading device is used on all windows which has a solar heat gain coefficient of 0.47
when the device is used with single pane, metal-framed fenestration (SHGC;,, = 0.80) and is closed. The area
of south glass is increased a specific amount for each climate zone. This test is performed for the prototype A
building in five climates. Each of these computer runs must result in greater energy use than the prototype A
basecase. Total of five runs.

Labeling Computer Runs Minimum Capabilities Tests
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Table R5-15 - Test Thirteen Inputs

Run Label SHGC Interior Shade South Glass Area
03A13 0.47 200
09A13 0.47 200
12A13 0.47 222
14A13 0.47 244
16A13 0.47 160
Test Fourteen

Test fourteen evaluates how the ACM treats south overhangs. It is performed for the prototype A building in
five climate zones: 3, 9, 12, 14 and 16. In each case a south overhang is added to the building. The overhang
has a two foot projection from the surface of the south glass. Its bottom edge is located six inches above the
top of the window. It is assumed that the south glazing consists of six-foot six-inch high windows. The overhang
is assumed to extend an infinite distance beyond the sides of the windows. The overhang characteristics are
illustrated below. South glazing area is then increased by increasing its width. Each case must result in greater
energy use than prototype A. Total of five runs.

Table R5-16 - Test Fourteen Inputs

Run Label South Overhang South Glass Area
03A14 yes 169
09A14 yes 132
12A14 yes 144
14A14 yes 129
16A14 yes 100

Minimum Capabilities Tests Labeling Computer Runs



5-12 2005 Residential ACM Manual, February 4, 2003 Workshop DRAFT #3
<«
A
6'6"
I
Figure 5-3 - Overhang Characteristics
Test Fifteen

This test is for the infiltration and ventilation model. It is performed for the prototype A building in five climate
zones: 3, 9, 12, 14 and 16. The basecase building has ducts in unconditioned space, therefore, the fixed and
restricted inputs specify a SLA of 4.9. In this test building leakage is reduced to an SLA of 2.9 by infiltration
reduction measures and is modeled with and without 80 cfm (0.375 air changes per hour) of mechanical
ventilation which consumes 20 watts of power continuously. Glass area is increased on all orientations so that
the building fails to comply. Total of ten runs.

Table R5-17 - Test Fifteen Inputs

Run Label Specific Leakage Area Fan Volume & Wattage Maximum Glass Area on
Each Orientation

A/B
03A15A 2.90 0 cfm/0 watts 131
03A15B 2.90 80 cfm/20 watts 110
09A15A 2.90 0 cfm/0 watts 100
09A15B 2.90 80 cfm/20 watts 96
12A15A 2.90 0 cfm/0 watts 100
12A15B 2.90 80 cfm/20 watts 80
14A15A 2.90 0 cfm/0 watts 100
14A15B 2.90 80 cfm/20 watts 80
16A15A 2.90 0 cfm/0 watts 100
16A15B 2.90 80 cfm/20 watts 72

Labeling Computer Runs
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5.3 Water Heating Tests

Testing of ACM minimum capabilities for water heating is completely separate from the space conditioning
tests. One of the principal differences between water heating and space conditioning is that fixed energy
budgets are used for water heating rather than custom budgets. The testing procedures are, therefore,
fundamentally different. Candidate ACMs must exactly replicate the results of the official CEC water heating
methodology for various system types.

5.3.1 Prototype Water Heaters

There are seven water heaters that are used for the tests. These systems are labeled E, F, G, and J. Detailed
specifications for each water heating system are given in Table R5-18 - Water Heating Systems below. The
energy use of each of the water heating systems is calculated with several distribution systems.

Table R5-18 - Water Heating Systems

E F G J
System Level Information
Climate Zone 3 7 16 5
Dwelling Units 10 1 1 3
Average Dwelling Unit Size 1200 1500 3500 800
Number of Water Heaters 5 1 2 6
Water Heating Equipment
Water Heater Type LG HP HP IE
Energy Factor (Note 1) 0.77 2.00 1.80 0.95
Tank Size Gal 100 50 75 na.
Standby Loss % 3%. n.a. n.a. n.a.
Input Rating kBtu/h 100 n.a. n.a. n.a.
Notes
1. For instantaneous gas (IG) and large gas (LG) water heaters the value reported in this row is the recovery efficiency or thermal
efficiency.

5.3.2 Labeling Computer Runs

Each water heating calculation is given a precise designation to make it easier to keep track of the runs and to
facilitate analysis. The following scheme is used:

12 F POU

T— Distribution system type

Prototype water heater system F

Climate zone 12

Minimum Capabilities Tests Water Heating Tests
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5.3.3 Test Results

Water heater types E, F, G, and J are analyzed in just one climate zone (except for heat pumps, the results
should not change by climate zone). The results must exactly replicate the values shown in the following
tables. A summary sheet is provided in Appendix A that must be completed by the vendor. Total of 40
calculations.

Table R5-19 - Water Heater Results (kBtu/yr)

E F G J
Energy Budget 221.900 23.645 28.495 60.750
Distribution System DSM
Standard 1 218.208 18.064 45.731 85.085
POU/HWR 0.82 na 15.875 43.940 na
Pipe Insulation 0.92 207.304 17.100 47178 78.278
Recirc/NoControl 1.52 289.082 24.080 65.630 129.329
Recirc/Timer 1.28 na 21.345 58.427 na
Recirc/Demand 0.98 na 17.824 49.096 na
Recirc/Time+Temp 0.96 na 17.583 48.459 na
Recirc/Temp 1.05 225.023 18.660 51.310 89.339
Parallel Piping 0.86 199.126 16.367 45.242 73.123

5.4 Standard Design Generator Tests

The standard design generator must automatically define the standard design which is the basis of the custom
budget. The standard design run is made automatically at the same time as the proposed design run, and the
results are reported together on the Computer Method Summary discussed in Chapter 2. This test verifies that
the standard design is correctly defined for the proposed design and that the custom budget is correctly
calculated.

The standard design test consists of matched pairs of computer runs: a proposed design and its standard
design equivalent. The standard design equivalent is the proposed design reconfigured according to the
standard design rules in Chapter 3.

Two Computer Method Summaries are produced: one for the proposed design and one for the standard design
equivalent. The standard design energy budget on the proposed design Computer Method Summary must be
equal to the energy use shown in both the standard design energy budget and proposed design columns of the
standard design equivalent computer run.

Standard Design Generator Tests Minimum Capabilities Tests
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5.4.1 Slab Floor Test
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three columns must be identical

Figure 5-4 - Custom Budget Tests

The purpose of this test is to verify that the standard design generator correctly defines the standard design for

proposed designs using slab-on-grade designs. Package D is now the basis of the standard design for all

buildings including slab-on-grade buildings. The rules for determining how much thermal mass is modeled in
buildings with both raised and slab-on-grade construction are contained in Chapters 3 and 4. The prototype C

variation used for this test has both raised floors and slab-on-grade floors.

Prototype "xxC31" is run in all sixteen climate zones, and the standard design equivalent in each climate zone

is also run. The results must be exactly identical as discussed above. The labels for this series of runs are
summarized in the following table. Total of 32 runs.

Table R5-20 - Slab Floor Standard Design Tests

Climate Zone

Proposed Design

Standard Design Equivalent

1 01C31 01C31C
2 02C31 02C31C
3 03C31 03C31C
4 04C31 04C31C
5 05C31 05C31C
6 06C31 06C31C
7 07C31 07C31C
8 08C31 08C31C
9 09C31 09C31C
10 10C31 10C31C
11 11C31 11C31C
12 12C31 12C31C
13 13C31 13C31C
14 14C31 14C31C
15 15C31 15C31C
16 16C31 16C31C

Minimum Capabilities Tests
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5.4.2 Raised Floor Test

The purpose of this test is to verify that the standard design generator correctly defines the standard design for
a proposed design for a dwelling with a raised floor. This is a parallel test to the previous one except that a
modification of the prototype building is used which is the prototype C building with no slab floor but with 5% of
the nonslab floor covered with 2 inches of exposed concrete. This modification is labeled "xxC32" and is
contained in Appendix C in the standard format of the Computer Method Summary.

The modified prototype C building is run in all sixteen climate zones, and the standard design equivalent in
each climate zone is also run. The results must be exactly identical. The labels for this series of runs are

summarized in the following table. Total of 32 runs.

Table R5-21 - Raised Floor Standard Design Tests

Climate Zone Proposed Design Standard Design Equivalent
1 01C32 01C32C
2 02C32 02C32C
3 03C32 03C32C
4 04C32 04C32C
5 05C32 05C32C
6 06C32 06C32C
7 07C32 07C32C
8 08C32 08C32C
9 09C32 09C32C
10 10C32 10C32C
11 11C32 11C32C
12 12C32 12C32C
13 13C32 13C32C
14 14C32 14C32C
15 15C32 15C32C
16 16C32 16C32C

5.4.3 Electric Heat Test

The purpose of this test is to verify that the standard design generator correctly defines the standard design for
proposed designs with electric heating systems. This a parallel test to the previous custom budget tests, except
that a modification of the prototype building is used. This modification is labeled "xxC33" and is contained in

Appendix C in the standard format of the Computer Method Summary.

The modified prototype C building with electric resistance heating is run in all sixteen climate zones, and the
standard design equivalent which uses an electric heat pump with an HSPF of 6.8 in each climate zone is also
run. The results for the Standard Designs for both runs and the Proposed Design for the Standard Design
equivalent must be exactly identical. The labels for this series of runs are summarized in the following table.

Total of 32 runs.

Standard Design Generator Tests
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Table R5-22 - Electric Heat Standard Design Tests

Climate Zone Proposed Design Standard Design Equivalent
1 01C33 01C33C
2 02C33 02C33C
3 03C33 03C33C
4 04C33 04C33C
5 05C33 05C33C
6 06C33 06C33C
7 07C33 07C33C
8 08C33 08C33C
9 09C33 09C33C
10 10C33 10C33C
11 11C33 11C33C
12 12C33 12C33C
13 13C33 13C33C
14 14C33 14C33C
15 15C33 15C33C
16 16C33 16C33C

5.4.4 HVAC Distribution Efficiency Tests

The Standard Design uses the defaults of the HVAC distribution efficiency calculation method found in
Appendix F to determine the HVAC distribution efficiency. These defaults result in seasonal HVAC distribution
efficiencies of about 72-76% depending on the climate zone. The calculation method detailed in Appendix F
gives efficiency credits for certain specific improvements in the HVAC distribution system, such as, higher duct
insulation levels, careful duct design and layout, and reduced duct leakage due to better sealing techniques.
HVAC distribution efficiency improvements must be independently verified and some are subject to site
diagnostic testing by a certified HERS rater.

For these tests prototype building A is used. For the first series of tests, the ducts are designed to conform to
ACCA Manual D specifications with room-by-room load calculations and have a duct layout design on the
plans. The ducts are sealed and tested. The results must replicate the values shown in the following table.

Minimum Capabilities Tests Standard Design Generator Tests
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Table R5-23 - Duct Efficiency Tests

Run Label Standard Standard ACCA Manual D Tested Duct Heating Duct Cooling Duct
Heating Duct Cooling Duct Design Leakage Efficiency Efficiency
Efficiency Efficiency
03A34 0.759 0.730 Yes Yes 0.827 0.850
09A34 0.753 0.702 Yes Yes 0.822 0.838
12A34 0.743 0.674 Yes Yes 0.815 0.817
14A34 0.709 0.617 Yes Yes 0.789 0.775
16A34 0.686 0.730 Yes Yes 0.773 0.850
03A35 0.759 0.730 No Yes 0.827 0.786
09A35 0.753 0.702 No Yes 0.822 0.775
12A35 0.743 0.674 No Yes 0.815 0.756
14A35 0.709 0.617 No Yes 0.789 0.717
16A35 0.686 0.730 No Yes 0.773 0.786

For the second series of tests, duct location is run for six tests with 10 lineal feet of ducts and the air handler
are in an unconditioned garage and the remainder of the ducts are in conditioned space. The tests are rerun
with all of the ducts and the air handler in the conditioned space. For all of the tests in this series, ducts are
sealed and tested. The results must replicate the values shown in the following table.

Table R5-24 — Duct Efficiency Tests

Run Label Standard Heating | Standard Cooling Duct Location Tested Duct Heating Duct Cooling Duct
Duct Efficiency Duct Efficiency Leakage Efficiency Efficiency
03A36 0.759 0.730 Cond./InEx12 Yes 0.920 0.860
09A36 0.753 0.702 Cond./InEx12 Yes 0.917 0.846
12A36 0.743 0.674 Cond./linEx12 Yes 0.914 0.836
14A36 0.709 0.617 Cond./lIinEx12 Yes 0.902 0.815
16A36 0.686 0.730 Cond./linEx12 Yes 0.894 0.860

The ACM or its research version must report the duct efficiencies for the HVAC distribution efficiency tests.

5.4.5 Addition Plus Existing Building Test

Additions are treated as new buildings except that internal heat gains are allocated on a fractional dwelling unit
basis. When an addition is modeled in conjunction with an existing building, energy credit may be taken for
improvements to the existing building. This series of tests exercises the various default assumptions based on
the vintage of the existing building and the various reporting requirements for modeling an addition with an
existing building. In addition, these tests verify the proper determination of the energy budget and compliance
criteria for an addition with an improved existing building.

For these tests the existing building has the same physical configuration as Prototype A but has single pane,
metal-framed windows on all four sides with a window on each vertical elevation that is 4’ high and 20’ wide
centered on the facade. The 12’ deep by 40’ long addition covers the whole west side of the existing building.
The addition faces west and has west-facing glazing with a U-value of 0.75 and an SHGCg, of 0.70. The
addition covers 80 ft* of existing glass. For test series 37, the mandatory minimum R-values are used in the

Standard Design Generator Tests Minimum Capabilities Tests
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addition’s roof/ceiling and walls. Hence for test series 37, the U-value for the roof/ceiling of the addition is 0.047
corresponding to R-19 insulation and the wall U-value is 0.088 corresponding to R-13 wall insulation. For test
series 38, the existing building’s roof and the addition roof insulation is brought up to the requirements for a
new dwelling. The addition’s west-facing glazing is increased until the building no longer complies with the
budget determined from modeling the existing building and modeling the addition and area weighting the
heating and cooling budgets for those runs.

These tests will also be used to confirm that output requirements are met when modeling an addition with an
existing building and that the appropriate budgets have been correctly determined.

Table R5-25- Additions Tests Inputs

Run Label Vintage of Existing SHGCx.,, Covered Existing U-Value of West-Facing
Building Glazing Roof/Ceiling Glazing for the
Existing/Add. Addition (ft)
03D37 1977 0.70 80 ft* 0.077/0.047 380
09D37 1977 0.70 80 ft* 0.077/0.047 270
12D37 1977 0.70 80 ft* 0.077/0.047 320.
14D37 1977 0.70 80 ft* 0.077/0.047 360
16D37 1977 0.70 80 ft* 0.077/0.047 370
03D38 1989 0.70 80 ft* 0.034/0.034 20
09D38 1989 0.70 80 ft* 0.034/0.0-34 100
12D38 1989 0.70 80 ft* 0.034/0.034 80
14D38 1989 0.70 80 ft* 0.028/0.028 80
16D38 1989 0.70 80 ft* 0.028/0.028 8

5.4.6 Cooling System SSEER Tests

Calculation of the source SEER (SSEER) for air conditioners is described in Chapter 3. To test this calculation,
a series of different air conditioner configurations are modeled using prototype building A. The SSEER rototype
parameters assume a split system air conditioner, 10 SEER, with duct sealing. Duct design is not used and
TXVs are included in climate zones 9, 12 and 14. Ducts are located in the attic with R4.2 insulation for all tests.
Four separate SSEER; configurations are used as specified in the following table. The results must replicate
the values shown in the following table.

Minimum Capabilities Tests Standard Design Generator Tests
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Table R5-26 — SSEER Tests

Run Label SSEER prototype System Type SEER XV Duct ACCA Manual | SSEER test
Sealing D Duct Design
03A39 6.528 SplitAirCond 12 Yes Yes Yes 8.977
09A39 6.899 SplitAirCond 12 Yes Yes Yes 8.435
12A39 6.591 SplitAirCond 12 Yes Yes Yes 8.001
14A39 6.003 SplitAirCond 12 Yes Yes Yes 7.182
16A39 6.495 SplitAirCond 12 Yes Yes Yes 8.915
03A40 6.528 SplitAirCond 10.5 Yes No No 7.068
09A40 6.899 SplitAirCond 10.5 Yes No No 6.553
12A40 6.591 SplitAirCond 10.5 Yes No No 6.161
14A40 6.003 SplitAirCond 10.5 Yes No No 5.413
16A40 6.495 SplitAirCond 10.5 Yes No No 7.026
03A41 6.528 SplitAirCond 19 No No No 10.004
09A41 6.899 SplitAirCond 19 No No No 8.207
12A41 6.591 SplitAirCond 19 No No No 7.210
14A41 6.003 SplitAirCond 19 No No No 5.563
16A41 6.495 SplitAirCond 19 No No No 9.823
03A42 6.528 PkgAirCond 11.7 No Yes Yes 8.201
09A42 6.899 PkgAirCond 11.7 No Yes Yes 7.731
12A42 6.591 PkgAirCond 11.7 No Yes Yes 7.348
14A42 6.003 PkgAirCond 1.7 No Yes Yes 6.621
16A42 6.495 PkgAirCond 11.7 No Yes Yes 8.145

Standard Design Generator Tests Minimum Capabilities Tests
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6. Optional Capabilities Tests

THIS CHAPTER WILL BE REVISED, BUT WITH THE NEXT DRAFT. NO CHANGES HAVE YET BEEN MADE.

This section of the Manual explains the tests that must be performed in order for residential ACMs to be
approved for optional capabilities. Most of the tests are performed relative to one of the prototype buildings
identified in the previous section. Each computer run used to test the minimum space conditioning capabilities
is given a precise designation to make it easier to keep track of the runs and to facilitate analysis. Optional
capabilities tests begin with the test number "51". The following scheme is used:

12 E 51

1

Optional capabilities test four

Prototype A is used as the basis of the test

Climate zone 12

6.1 Controlled Ventilation Crawl Spaces (CVC)

Controlled ventilation crawl spaces is an optional capability based on the ability of an ACM to model more than
one thermal zone. The crawl space of the building is modeled as a separate, unconditioned thermal zone.
Details of the test model are provided in Appendix C, test file 12B51. Some key features are summarized
below.

The CVC zone has an exterior perimeter length and floor area (i.e., the ground area) equal to the prototype

building B perimeter and floor area. Crawlspace volume is 3467 ft3. CVC infiltration is modeled using the air
changes per hour method and uses 0.22 air changes per hour.

The floor separating the crawl space from conditioned space becomes an interzone boundary. 400 ft2 of this
floor has a U-value of 0.342, representing an uninsulated, uncarpeted floor, and the remainder has a U-value of
0.199, representing an uninsulated, carpeted floor.

Insulation is placed in the perimeter walls of the crawl space, and the crawl space vents are modeled with
automatic seasonally operated louvers to minimize ambient conditions within the crawl space. When the
building is in a heating mode, the vents are closed (inlet and outlet are zero). When the building is in a cooling
mode, the vents are open and the total vent area is 1/150 of the crawlspace floor area or 10.67 ft2. Half of this
is inlet and half outlet. The ventilation height difference is zero. Only wind effects apply. Wind speed is reduced
to 25% of that on the weather tape to account for ground level conditions. Heat capacity in the crawlspace is
1.4 Btu/F-ft2.

When insulation is placed in the perimeter walls of the crawl space in lieu of the floor assembly, other
requirements are triggered for builders. The definition of "controlled ventilation crawlspace”, in the glossary of
the Residential Manual, should be consulted for more details.

Optional Capabilities Tests Controlled Ventilation Crawl Spaces (CVC)
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CVC is tested only for prototype building B in five climate zones: 3, 9, 12, 14 and 16. CVC is added and the
heating efficiency is modified accordingly. Each computer run must result in greater energy use than the
prototype B basecase building. The computer runs are summarized below. Total of five runs.

Table R6-1 - Controlled Ventilation Crawlspace Test Inputs

Run Label CcvC Heating AFUE
03B51 yes 0.63
09B51 yes 0.43
12B51 yes 0.64
14B51 yes 0.69
16B51 yes 0.74

The optional capability test also requires that the vendor demonstrate that the ACM correctly defines the
standard design building and calculates the custom budget. This test involves running the standard design
equivalent building for climate zone 12 and showing that the custom budget figures from computer run "12B51"
are equal. The standard design equivalent building is included in Appendix C and labeled "12B51C".

Controlled Ventilation Crawl Spaces (CVC)

Optional Capabilities Tests
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6.2 Zonal Control

Zonal control is one of the optional capabilities based on the ability of an ACM to model more than one thermal
zone at the same time. With zonal control, the sleeping and living areas are modeled separately, each with its
own separate thermostat schedule and internal gain assumptions. The specifications for the building with zonal
control are detailed in CALRES input test file 12A52 available from the Commission on diskette. Further
discussion is provided in the Residential Manual, in Section 8.9, and in the glossary under "zonal control". Key
features are discussed below.

6.2.1 Prototype Zones

Figure R6-2 depicts the prototype building separated into living and sleeping zones. The boundary between the
zones consists of a wall with U-value of 0.29 and net area of 360 square feet. The wall contains an uncloseable
opening of 40 square feet, modeled with a U-value of 20.0.

|
|
Living ‘ Sleepind
40’ ‘
|

20 20
Figure R6-2 - Zoning the Prototype Building

6.2.2 Thermostats

The thermostat schedule for the living area is the same as the standard assumptions except that the cooling
setpoint is 83°F between 11:00 pm and 7:00 am.

The thermostat schedule for the sleeping area has two heating setback periods: between 11:00 pm and 7:00
am and between 8:00 am and 9:00 pm. The cooling thermostat has one setup period to 83°F, between 8:00
am and 9:00 pm. The thermostat schedules for zonal control are shown in TFable-R6-2-Zonal-Centrol
FhermostatSetPoints-belowChapter 4. .

Optional Capabilities Tests Zonal Control
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Table-R6-2-Zonal-Control Thermostat-Set Points
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6.2.3 Internal Gains

An alternate set of internal gain schedules are used: one for the living areas of the house and one for the
sleeping areas. Both standard schedules and schedules for zonal control are shown in Chapter 4. These
alternate-schedules-are-shown-inTable-R6-3-

Zonal Control Optional Capabilities Tests
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Hour Percent Hour Percent Hour Percent
Living-Areas
4 164 9 633 1 6149
2 448 10 6-86 18 18
3 14 H 638 19 +24
4 113 12 5.00 20 5.96
5 124 13 484 24 549
6 146 14 345 22 620
* 277 15 294 23 438
8 5.30 16 341 24 2.35
Sleeping-Areas
1 4.38 9 3.76 17 447
2 402 16 385 18 445
3 4.50 +H 4.70 19 4.29
4 450 12 364 20 330
5 432 13 365 24 375
6 546 14 263 22 345
7 6.39 15 2.46 23 445
8 40 16 232 24 359

6.2.4 Tests

The zonal control feature is tested only for prototype A in five climate zones: 3, 9, 12, 14 and 16. Zonal control
is added and the heating efficiency is modified accordingly. Each computer run must result in greater energy
use than prototype A. The computer runs are summarized in Table R6-4 below. Total of five runs.

Table R6-4 - Zonal Control Test Inputs

Run Label Zonal Control Heating AFUE
03A52 yes 0.74
09A52 yes 0.55
12A52 yes 0.68
14A52 yes 0.68
16A52 yes 0.73

The optional capability test also requires that the vendor demonstrate that the ACM correctly defines the
standard design building and calculates the custom budget. This test involves running the standard design
equivalent building for climate zone 12 and showing that the custom budget figures from computer run "12A52"
are equal. The standard design equivalent building is included in Appendix C and labeled "12A52C".

Optional Capabilities Tests Zonal Control
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6.3 Sunspaces

Sunspace modeling is one of the optional capabilities based on the ability of an ACM to model more than one
thermal zone at the same time. The sunspace of the building is modeled as a separate, unconditioned thermal
zone. The specifications for the test building are detailed in the CALRES input test file 12A53 available from the
Commission on diskette, and key features are highlighted below.

An unconditioned sunspace is added to the south side of Prototype A as illustrated in Figure R6-3 and Figure
R6-4. The wall and window separating the sunspace and the house remains the same as in the base case, but
the surfaces and vent openings of this wall are changed from exterior types to interzone types. The interzone
vent is controlled to open only when temperature (T) conditions are Tqse < Tdesired @Nd Tsunspace > Thouse

(in heating mode).

The performance characteristics of sunspace envelope components are the same as for the basecase
prototype, except slab F2-value is 0.90; fenestration shading coefficient is 0.90, no internal shading device is
assumed. Total vent area is assumed to be 40 ft2 with an eight foot height difference

In the sunspace zone, assumptions for infiltration, heat capacity, solar gain targeting, and zone thermostat
temperature settings vary from the conditioned zone. Sunspace zone infiltration is modeled using the air
changes per hour method and the same infiltration factors as used in the 1988 ACM manual, 0.50 air changes
per hour. There are no restrictions on targeting solar gains that enter unconditioned spaces such as
sunspaces.

200ft? sloped
glazing
40ft? is hinged .-~
20' g

10’

Vertical glazing
280ft2

10° U= 0.87 of this
40ft? are hinged

Figure R6-3 -- Sunspace Prototype

Sunspaces Optional Capabilities Tests
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Figure R6-4 - Sunspace Section

Sunspaces are tested only for prototype A in five climate zones: 3, 9, 12, 14 and 16. A sunspace is added and
the heating efficiency is modified accordingly. Each computer run must result in greater energy use than
prototype A. The computer runs are summarized below. Total of five runs.

Table R6-5 — Sunspace Test Inputs

Run Label Sunspace Heating AFUE
03A53 Yes 0.55
09A53 Yes 0.29
12A53 Yes 0.54
14A53 Yes 0.54
16A53 Yes 0.64

The optional capability test also requires that the vendor demonstrate that the ACM correctly defines the
standard design building and calculates the custom budget. This test involves running the standard design
equivalent building for climate zone 12 and showing that the custom budget figures from computer run "12A53"
are equal.

6.4 Side Fin Shading

Testing for side fins is performed relative to a modification of prototype A; the base building is rotated 30
degrees to the west. The test is performed in five climate zones: 3, 9, 12, 14 and 16. The specifications for the
side fins are provided on the Commission’s CALRES input file diskette as test file 12A54. Key features are
covered below.

The side fins extend 40 feet from the surface of a window that is assumed to be 10 feet wide. The fins are 5
feet from the edge of the window. The top of the side fins are 20 feet above the top of the window. Side fins are

Optional Capabilities Tests Side Fin Shading
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separately added to the east and west sides of the building and the heating efficiency is modified accordingly.
Each computer run must result in greater energy use than prototype A. Total of five runs.

Figure R6-5 - Side Fins for Optional Capabilities Test

Table R6-6 - Side Fin Test Inputs

Run Label Side Fins Heating AFUE
03A54 Yes 0.65
09A54 Yes 0.40
12A54 Yes 0.62
14A54 Yes 0.65
16A54 Yes 0.70

The optional capability test also requires that the vendor demonstrate that the ACM correctly defines the
standard design building and calculates the custom budget. This test involves running the standard design
equivalent building for climate zone 12 and showing that the custom budget figures from computer run "12A54"
are equal. The standard design equivalent building is included on the CALRES diskette as the input file labeled
"12A54C".

6.5 Exterior Mass Walls

The test for exterior mass walls is made relative to prototype A in five climate zones: 3, 9, 12, 14 and 16. All of
the exterior walls of the building are assumed to be of mass construction: The mass is assumed to be 12
inches thick with a volumetric heat capacity of 10 Btu/F-cf and a conductivity of 1.064. The outside surface of
the mass wall is modeled with a U-value of 2.63 (R = 0.38) to approximate the effect of an air film. Insulation is
assumed to be on the inside surface of the wall. This insulation is varied for each climate zone. Each computer
run must result in greater energy use than prototype E. Total of five runs.

Exterior Mass Walls Optional Capabilities Tests
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Table R6-7 — Exterior Mass Wall Inputs

Run Label Exterior Mass Walls Interior R-value
03A55 yes 4.20
09A55 yes 1.20
12A55 yes 3.575
14A55 yes 4.825
16A55 yes 6.95

The optional capability test also requires that the vendor demonstrate that the ACM correctly defines the
standard design building and calculates the custom budget. This test involves running the standard design
equivalent building for climate zone 12 and showing that the custom budget figures from computer run "12A55"
are equal. The standard design equivalent building is included as the input file labeled "12A55C" on the
CALRES input file diskette.

Optional Capabilities Tests Exterior Mass Walls
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6.6 Optional Water Heating Capabilities Tests

6.6.1 Solar and Wood Stove Boiler Water Heating

Optional water heating capabilities include solar water heating and wood stove boiler-assisted water heating.
Energy credit may be taken for the use of these technologies through the use of multipliers that adjust the
water heating loads. For solar this adjustment is the Solar Savings Fraction (SSFj) derived from an f-Chart
analysis and for wood stove boilers this adjustment is called the Wood Stove Adjustment Factor (WSAF;j).
These adjustments are used as shown in Section 4.21

6.6.2 Combined Hydronic Space/Water Heating

Combined hydronic space/water heating is a system whereby a water heater is used to provide both space
heating and water heating. Hydronic systems or water heaters dedicated solely to space heating are covered in
Section 6.6.3.

For combined hydronic systems, an effective AFUE, or for electric water heaters or heat pumps, an effective
HSPF, is calculated and used in the space heating energy calculations. When a fan coil is used to distribute
heat, the fan energy and the heat contribution of the fan motor must be considered. This shall automatically be
added when the distribution type is "ducts". The effective AFUE or HSPF is calculated according to the
following equations for each water heater type.

6.6.2.1 Storage Gas Water Heater

When storage gas water heaters are used in combined hydronic applications and there is no air distribution
fan, then the effective AFUE is given by the following equation.

Equation 6-67

PL
AF UEeﬁ. =RE ——
RI

Where

AFUEgf = The effective AFUE of the gas water heater in satisfying the space heating load.

RE = The recovery efficiency of the gas water heater. A default value of 0.76 may be assumed if the
recovery efficiency is unknown.

PL = Pipe losses (kBtu/h). This can be assumed to be zero when less than 10 feet of the piping
between the water heater storage tank and the fan coil or other heating elements is located in
unconditioned space.

Equation 6-68
Z FT x PLR,
= 8760
RI = The rated input of the gas water heater (kBtu/h).

When there is an air distribution fan, then the energy used by the fan and the heat contributed by the fan is
considered in the same manner as it is for a furnace (see Section 4.18)

Optional Water Heating Capabilities Tests Optional Capabilities Tests
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6.6.2.2 Storage Electric Water Heater

The HSPF of storage water heaters used for space heating in a combined hydronic system is given by the
following equations. If the system has a fan coil, the HSPFg¢f is used. HSPF,/5 fgp is used if there is no fan

coil.

Where:
HSPFgfr =

Wpump =

PL =

kWI =

Equation 6-69

1+.005(3413)

1
HSPFW/O_fan

HSPF‘eﬁ =
+.005

Equation 6-70

1— _PL
HSPF,,, 1 = 3413 — 3413k

w,
4 Trump

1000kWil

The effective HSPF of the electric water heater in satisfying the space heating load.

The watts of the pump which circulates water between an electric storage water heater and the
fan coil

Pipe losses (kBtu/h). This can be assumed to be zero when less than 10 feet of the piping
between the water heater storage tank and the fan coil or other heating elements is located in
unconditioned space.

The kilowatts of input to the water heater.

Optional Capabilities Tests Optional Water Heating Capabilities Tests
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6.6.2.3 Heat Pump Water Heater

The HSPF of heat pump water heaters used for space heating in a combined hydronic system is given by the
following equations. If the system has a fan coil, the HSPFg¢f is used. HSPF,/5 fgp is used if there is no fan

coil.

HSPF;ﬁ» = 1+005(3413) Equation 6-71

+.005

HSPFW/O_fan

E,  PL

HSPE,,, ... = 3413 -
- CZ,; 3413kWi

Equation 6-72

a

Where:

HSPFgfr = The effective HSPF of the heat pump water heater in satisfying the space heating load.

REhp = The recovery efficiency of the heat pump water heater. The following equation may be used as
a default if the recovery efficiency is not known.

1
REhp = 1 Equation 6-73
-0.1175
DOE

Czadj = The climate zone adjustment (see water heating calculation method) (see Table R 4-9).

PL = Pipe losses (kBtu/h). This can be assumed to be zero when less than 10 feet of the piping
between the water heater storage tank and the fan coil or other heating elements is located in
unconditioned space.

kWI = The kilowatts of input.

EFpOE = The energy factor of the heat pump water heater when tested according to the DOE test

procedure.

Optional Water Heating Capabilities Tests Optional Capabilities Tests
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6.6.2.4 Pipe Losses

Pipe losses must be considered when pipes between the water heater storage tank and the fan coil or other
heating element are located in unconditioned space. To simplify compliance, gipe losses can be ignored when
no more than ten feet of pipe (in plan view) is located in unconditioned space 2, Hourly loss rates are given by
the following equation.

Equation missing. Equation 6-74
PL = Hourly pipe loss (kBtu/h).
PLR; = The annual pipe loss rate per foot of length for the ith pipe (kBtu/y-ft).
FT;= The length in feet of the ith pipe located within unconditioned space. Can be assumed to be

zero if less than ten feet in plan view.
n= The number of unique pipe size or insulation conditions.

The annual pipe loss rate per foot of length (PLRI) is calculated from the following equation
- Ta
PLR; =876 —p < Equation 6-75
In(i
Ppo) | 1
2 nKi n ha Djq

[

Where

8.76 = Conversion factor from Btu/hour to kBtu/year

Tg= Supply Temperature. This is assumed to be a constant 135 F.

Tg= Ambient Temperature. This is assumed to be 60.3 in all California climate zones.
Dio = Outside diameter of insulation. ft (actual not nominal).

Dpo = Outside diameter of pipe, ft (actual not nominal).

Ki = Insulation conductivity, constant 0.023 Btu/h-ft-F

ha = Air film coefficient, constant 1.65 Btu/h-ft2-F

% PL would have a value of about 0.10 for 10 feet of one inch pipe with R-4 insulation, which is required (see page 25 of ACM Approval

Manual).

Optional Capabilities Tests Optional Water Heating Capabilities Tests
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Pipe loss rates (PLR) values for typical conditions are shown in the table below

Table R6-8- Annual Pipe Loss Rates (kBtu/y-ft)

Insulation Thickness

Nominal Pipe Size None 1/2 inch 3/4 inch 1inch

1/2 inch 71.6 60.9 54.2

3/4 inch 91.1 75.8 66.6

1 inch 109.9 90.1 78.1
1-1/2inch 146.7 117.5 100.3

2inch 182.9 144.3 121.7

6.6.2.5 Tests

Prototype A is used for this test, but combined hydronic systems are substituted for the gas furnace in the
basecase. Three types of combined hydronic systems are tested -- labeled K, L and M.

K A 75 gallon storage gas water heater is used for both space conditioning and water heating. Hot water
base boards are used for heat distribution and insulated pipes are located in unconditioned space.

L An electric water heater is used for both space conditioning and water heating and air is distributed through

a fan coil system that delivers air to ducts located in an attic.

M An electric heat pump is used for both space conditioning and water heating. Distribution is provided

through hot water baseboards. All pipes are located within conditioned space.

The specifications for these three systems are shown in Table R6-9 below. The AFUEeff and HSPF w/o fan
must match the values shown in the table.

Table R6-9 -Combined Hydronic Test Results

K L M

Water Heater Type SG SE HP
Recovery Efficiency unitless 0.7800 n.a. n.a.
Rated Input kBtu/sf 60.0000 n.a. n.a.
Rated Input kW n.a. 5.0000 n.a.
Wpump w n.a. 60.0000 n.a.
EF unitless n.a. n.a. 2.0000
Pipe Length ft 100.0000 n.a. n.a.
Run Label AFUEeff HSPF w/o fan HSPF w/o fan
03A56 0.768 3.37 9.01
09A56 0.768 3.37 9.70
12A56 0.768 3.37 8.34
14A56 0.768 3.37 8.58
16A56 0.768 3.37 5.95

Optional Water Heating Capabilities Tests
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The optional capability test also requires that the vendor demonstrate that the ACM correctly defines the
standard design building and calculates the custom budget. This test involves running the standard design
equivalent building for climate zone 12 and showing that the custom budget figures from computer run "12A56"
are equal. The standard design equivalent building is included in Appendix D and labeled "12A56C".

6.6.3 Dedicated Hydronic Systems

Dedicated hydronic systems have boilers or other heating devices which produce hot water that is distributed
through the building for heating. Such systems are permitted when the AFUE is known and can be entered. If
the systems have pipes located in unconditioned space, then the AFUE must be adjusted for the pipe losses.

When water heaters are used in hydronic systems for space heating alone (a separate water heater for
domestic service), the water heater functions as a boiler and is required by NAECA to have a minimum AFUE
of 0.80. The AFUE of a water heater if tested as a boiler would be approximately equal to the average of the
EF and the RE, and will generally not meet the minimum NAECA requirement. Water heaters proposed for use
in hydronic systems for space heating only must be tested as a boiler using the DOE AFUE and appropriate
safety standard test procedures.

6.7 Building Additions

The low-rise residential Building Energy Efficiency Standards permit two ways of analyzing building additions
using the performance approach. The addition may be analyzed alone, in which case the internal loads are
prorated on a floor area basis. Alternatively, the addition may be analyzed together with the existing house.
This second method permits improvements to be made to the existing house which may allow the building
addition to have more glass or less insulation.

6.7.1 Addition Alone

When the addition is analyzed alone, the internal loads are prorated on a floor area basis in both the standard
design and the proposed design runs. The total internal gain is based on the fractional dwelling unit value,
which is used as the "Number-Dwelling-Units" in Equation 4.3 (see Section 4.5). An addition alone may not be
modeled as zonal control.

IntGainAdd = IntGainTotal x FractionalDwellingUnit Equation 6-76

FractionalDwellingUnit = CFAadd + (CFAadd + CFAexisting) Equation 6-77

6.7.2 Addition Plus Existing

When the building addition is analyzed together with the existing building, the procedure described in Chapter 6
of the Residential Manual, is followed.

It is necessary to manage information about the existing building and the addition in four categories as
described below. These may be grouped in each table or separate C-2R forms may be generated for each
category of information.

1 Features of the existing building that will not be upgraded or changed.
2 The current condition of existing building features that will be modified or upgraded.
3 The improved condition of existing building features that are upgraded. The total surface areas in this

category will usually be less than those in the second category because an existing wall is usually
eliminated where the addition is attached to the existing building.

Optional Capabilities Tests Building Additions
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4 Features of the proposed building addition.

6.8 Solar Water Heating and Space Heating

Modeling of solar water heating and space heating systems is not an optional capability for residential ACMs,
but ACMs must provide an input for the energy provided by solar or other nondepletable sources. These inputs
are described in Chapter 4.

The Commission has approved the use of various versions of the f-Chart program for analyzing active solar
systems. These programs may be used to estimate the energy credit to enter in the ACM. Guidelines for the
use of f-Chart are included in Chapter 7 of the Residential Manual.

This Manual does not address approval of solar analysis programs. The application package for approval of
solar water heating and space conditioning programs is included as Appendix G.

When a credit is taken for nondepletable energy, the ACM standard input reports must flag this and include a
statement in the Special Features and Modeling Assumptions section of the reports. The ACM user must also
attach supporting calculations or worksheets of Commission approved methods.

6.9 Form 3 Report Generator

This test requires that ACMs correctly calculate the U-value of several construction assemblies. These
construction assemblies are shown in Appendix E. The Form 3 generator must produce the values indicated in
Table R6-10 for U-value. Construction assembly U-values must be calculated in a manner consistent with the
manner and examples shown in the Residential Manual, in the glossary under "R-value" and "U-value", and in
Appendix E.

Table R6-10 - Form 3 Generator Results

Construction Assembly Code U-value
W.19.2x6.16 .065
R.38.2x4.24 .025
R.22.2x4.24 .041
RP.22.2x6.48 .044
FC.30.2x10.16 .028
FX.30.2x10.16 .034

6.10 Exceptional Methods Which May Be Approved In The Future

The Commission may approve additional Exceptional Methods in the future, for instance, additional water
heating credits. All approved ACMs must provide an input for space heating, space cooling and water heating
systems to allow the user to enter a value for these possible credits. The ACM standard reports identify all non-
zero values and place a statement in the Special Features and Modeling Assumptions section of the standard
reports. The ACM user must include supporting calculations, worksheets or equipment specifications with the
building permit application.

Solar Water Heating and Space Heating Optional Capabilities Tests
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7.Home Energy Rating Systems (HERS) Required Field
Verification And Diagnostic Testing

7.1 California Home Energy Rating Systems

Compliance credit for particular energy efficiency measures, which the Commission specifies, requires field
verification and diagnostic testing of as-constructed dwelling units™ by a certified HERS (Home Energy Rating
ystem) Rater The Comm|SS|on approves HERS providers, sub|ect to the Comm|SS|on s HERS requlatlons

appear in the Calrfornra Code of Regulatrons T|tIe 20 D|V|S|on 2 Chapter 4, Artlcle 8 Sectlons 1670 1675

provrders are authorlzed to certlfy HERS rRaters and malntam quallty control over freld verrfrcatron and
dlaqnostlc testlnq—ratmgs ,

When compliance documentation indicates field verification and diagnostic testing of specific energy efficiency
measures as a condition for complying with Title 24, an approved HERS provider and certified HERS rater shall
be used to conduct the field verification and diagnostic testing. HERS providers and raters shall be considered
special inspectors by building departments, and shall demonstrate competence, to the satisfaction of the
building official, for the visual inspections and diagnostic testing. The HERS provider and rater shall be
independent entities from the builder or subcontractor installer of the energy efficiency improvements being
tested and verified, and shall have no financial interest in the installation of the improvements. Third Party
Quality Control Programs approved by the Commission may serve the function of HERS Raters for field
verification purposes as specified in section-/46 7.7.

This remainder of this chapter describes the:

o Describesthe-measures that require field verification or testing (including references to test procedures or
protocols that shall be followed by installers and HERS raters )::

e Required documentation and communication steps;

e Required early notification of the HERS provider;

e Requirements for certification by the installer that the installation complies;
o Describes-acceptable-Rrequired sampling procedures to be used if the builder chooses to do sampling;

e Requirements for Third Party Quality Control Programs that are authorized to serve the function of HERS
Raters;

¢ Requirements for sampling when field verification and diagnostic testing is required for additions and
alterations;

o Describesthe-Responsibilities reles-of each of the parties involved in the field verification and diagnostic
testing processthe- HERS raterand-the HERS provider;

% When the term “dwelling unit” is used in reference to HERS Required Verification and Diagnostic Testing applied to multifamily

buildings, it shall mean each dwelling unit within each multifamily building project.

Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic Testing California Home
Energy Rating Systems
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7.2 HERS Regquired-Measures Requiring Field Verification and Diagnostic Testing

Table R7-1 describes the measures that require installer certification and HERS Rater field verification and
diagnostic testing, and identifies the protocol or test procedure in the appendices that shall be used for
completing installer and HERS Rater diagnostic testing and HERS Rater field verification.

HERS Required Measures Requiring Field Verification and Diagnostic Testing Home Energy Rating Systems
(HERS) Required Field Verification And Diagnostic Testing
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Table R7-1 — Summary of Measures Requiring Field Verification and Diagnostic Testing

Protocol or Test

Measure Title Description Procedure
Duct Measures
Duct Sealing Package D requires that space conditioning ducts be sealed. Diagnostic testing is ACM RF
required to verify that leakage is less than 6% of fan flow. If diagnostic testing and field
verification is not performed, then higher leakage is assumed for the Proposed Design,
which results in a significant compliance penalty.
Reduced Duct Surface Section 4.8.5 specifies the default surface areas for air distribution ducts as a function of ACM RF
Area floor area. Compliance credit may be taken for reductions in duct surface areaAlternate
areas-may-be-used, but only if the plans contain detail about the length and diameter
dimensions leeation and-size-of air distribution ducts and these lecations-dimensions are
field verified.
Improved Duct Location  Section 4.8.6 specifies the default location for air distribution ducts.-Alternate-locations ACM RF
may-be-usedCompliance credit may be taken for installing the ducts in locations that are
more energy efficient, but only if the plans contain detail about the length and diameter
dimensions of air distribution ducts in more efficient locations and size-ef-air-distribution
duets-and these dimensions and locations are field verified.
Duct R-value when M ACM RF
Ducts are Buried in Packaqe D specmes the reqwred Duct R value for each cI|mate zone. Sect|on 4. 8 8
Ceiling Insulation specifies the default Duct R-value, which is the mandatory minimum requirement.
Compliance credit or penalties apply for variations in Duct Alternate-R-values relative to
the default and package requirements, subject to inspection by the building official.
Compliance credit may be taken for increased R-value when ducts are buried in ceiling
insulation -may-be-used, but only if the plans contain detail about the length, diameter,
lecation and R-value of air distribution ducts that are buried in ceiling insulation and the
R-values-these characteristics are field verified.
BuctLeakage ACM RF
Air Conditioner Measures
Improved Refrigerant The-Package D preseriptive-standards-requires that split system air conditioners and ACM RK
Charge heat pumps be diagnostically tested in the field to verify that they have the correct
refrigerant charge (see Section 4.7.3). The Proposed Design is modeled with less
efficiency if sueh-diagnostic testing and field verification is not performed.
Installation of A TXV may be installed as aAn alternativee to refrigerant charge testing-is-to-installa ACM RF
Thermoastatic | FXM. The existence of a TXV is-assumed-to-have-has the same calculated benefit as
Expansion Valve (TXV) refrigerant charge testing and requires field verification.
Improved Airflow Air conditioner efficiency requires adequate airflow across the evaporator coil. A ACM RL
Across Evaporator eCompliance credit may be taken is-offered-when airflow is higher than the threshold
Coils default level specified in Table R4-9. in-erder-Also, to accurately test Refrigerant Charge
a minimum airflow must exist. Compliance credit for Refrigerant Charge and for
Improved Airflow Beth-of these conditions-requires that airflow be measured-andfor
diagnostically tested-in-the-field and field verified.
AG-Reduced Air Section 4.7. specmes default Efan power for cooling systems-is-defaulted-to-0-051 ACM RL
Conditioner Fan Power . Compliance credit may be taken for
reductions in fan power, but only if the fan power is The ACM usermay override the
defaultbut-only-if the fan-poweris-measured-diagnostically tested and verified in the
field.
High Energy Efficiency Section XXX _establishes the default EER as a function of the SEER. Compliance
Ratio (EER) credit may be taken for increases in EER by installation of specific air conditioner or heat
pump models, but only if the installation of that high EER model is field verified.
Building Envelope Measures
Low-Infiltration-Building  The default building envelope specific leakage area (SLA) is specified in Section 4.5.1. ASTM E779
Envelope Sealing Compliance credit may be taken for improved building envelope sealing, but only if
lLower SLA values may-be forthe Proposed Design,but-onlyif the low infiltration-is-are
field verified through field-diagnostic testing.
tmproved-High Quality The standards recognize Standard and mpreved-High Quality envelope construction ACM RQ
Building Envelope guality. Compliance cCredit for impreved-High Quality envelope construction guality
Construction Quality requires field verification.
Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic Testing HERS Required

Measures Requiring Field Verification and Diagnostic Testing
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All features that require verification and/or testing shall be listed in the Field Verification And Diagnostic Testing
section of on the Certificate of Compliance (CE-1R). The listing shall include “eligibility and installation criteria”
for such features. Field verified and diagnostically tested features must be described in the Compliance
Supplement. Installers shall certify that the requirements for compliance have been met on the Installation
Certificate (CF-6R). Field vMerification and diagnostic testing shall be performed by a HERS rater and
documented on the Certificate of Field Verification and Diagnostic Testing (CF-6R).

7Z57.3 Responsibilities-and-Summary of Documentation_and Communication

The documentation and communication process for measures that require field verification and diagnostic
testing is —Is-a-three-step processas described-summarized below. The subsequent sections of this chapter
contain additional information.

e The documentation author shall completes the compliance documents, including the CF-1R. A CF-1R is
shall be prepared for each dwelling unit.-er-medel For multi-family buildings a single CF-1R is typically
prepared for a whole building, but ifdwelling units have-a-different package-ofmeasures-that require field
verification and diagnostic testing, then-the- documentation-should-shall have separate compliance
documentation for dwelling units which have different measures requiring field verification and diagnostic
testing, and if sampling is used for dwelling units which have different energy efficiency measuresthe- TV

o WhentThe documentation author shall provides a signed Certificate of Compliance (CF-1R) to the builder,
which indicates that any HERS diagnostic testing and field verification measure is required for compliance,
the documentation author shall notify the HERS provider by phone, FAX or email of the name of the
builder, the street address or subdivision and lot number of the dwelling, and the measure(s) that require
diagnostic testing and field verification. The documentation author shall certify on the CF-1R that this
notification has been completed. The building department shall determine that this notification has taken
place before accepting the CF-1R. The builder shall make arrangements for the services of a certified
HERS Rater prior to installation of the measures, so that once the installation is complete the HERS Rater
has ample time to complete the field verification and diagnostic testing without delaying final approval of
occupancy by the building department.

e The builder or the builder’s subcontractor installs the measure(s) which require field verification and
diagnostic testing. Forsomemeasures-{The builder or builder’s installer must shall complete perderm
diagnostic testing erfelow-specific-and the procedures specified in Section 7.5. When the installation is
complete, the builder or the builder's subcontractor shall completes the CF-6R, Installation Certificate, and
keep it at the building site for review by the building department. The builder also shall provide a copy of
the installation certificate to the HERS Rater for any measures requiring HERS Rater field verification and
diagnostic testing.

diagnostictesting—The HERS rRater shall completes
the GE-4R whenthefield verification and diagnostic testing as specified in Section 7.6, and provides
signed CF-4Rs, Certificate of Field Verification and Diagnostic Testing, to the HERS Provider, builder and
building department. The building department shall not approve a dwelling unit for occupancy until the
building department has received a CF-4R that has been signed by the certified HERS Rateris-complete.

Responsibilities and Summary of Documentation and Communication Home Energy Rating Systems (HERS)
Required Field Verification And Diagnostic Testing
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7.4 HERS Provider Notification

When the documentation author provides a signed Certificate of Compliance (CF-1R) to the builder, which
indicates that any HERS diagnostic testing and field verification measure is required for compliance, the
documentation author shall notify the HERS provider by phone, FAX or email of the name of the builder, the
street address or subdivision and lot number of the dwelling, and the measure(s) that require diagnostic testing
and field verification. The documentation author shall certify on the CF-1R that this notification has been
completed. The building department shall determine that this notification has taken place before accepting the
CE-1R. The builder shall make arrangements for the services of a certified HERS Rater prior to installation of
the measures, so that once the installation is complete the HERS Rater has ample time to complete the field
verification and diagnostic testing without delaying final approval of occupancy by the building department.

Z37.5 Requirements for Installation Certification (CF-6R[

e—Installation
certlflcates ions (CF 6R) are reqwred for each and every dwelling unit. When the mstallatlon is complete, the
builder or the builder’s subcontractor shall complete the CF-6R, Installation Certificate, and keep it at the
building site for review by the building department. The builder also shall provide a copy of the installation
certificate to the HERS Rater for any measures requiring HERS Rater field verification and diagnostic testing.

7-3-77.5.1 Measures Requiring Diagnostic Testing and Field Verifiation
When compliance includes duct sealing, ACCA-Manual-B-design-and-installation-improved air conditioner

refrigerant charge and airflow across the evaporator coil, reduced air conditioner fan power or building
envelope sealing, builder employees or subcontractors shall:

e complete diagnostic testing, and

o certify on the CF-6R the diagnostic test results and that the work meets the requirements for
compliance credit.

For refrigerant charge and airflow measurement when the outside temperature is below 55°F, the installer shall
follow the alternate charge and airflow measurement procedure described in Appendix-Seetien-3. Builder
employees or subcontractors using these procedures shall certify on the CF-6R that they used these
procedures, the diagnostic results, that the work meets the requirements for compliance credit, and that they

Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic Testing HERS Provider
Notification
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will return to correct refrigerant charge and airflow if the HERS rater determines at a later time when the
outside temperature is above 55°F that correction is necessary.

For duct sealing diagnostic testing completed at the rough-in stage of construction-using-aerosol-sealant
closures, builder employees or subcontractors shall:

e atrough-in, complete the fan pressurization test and certify on the CF-6R the diagnostic results,

o after installation of the interior finishing wall, verify sealing of the ducts using either the house
pressure test or the pressure pan test or by visual inspection of all duct connections (including duct
to air handler connections), and

o certify on the CF-6R the diagnostic results and that the work meets the requirements for
compliance credit.

7.5.2 Measures Requiring Field Verification

When compliance includes a—the#nestanee*pan&en—vaiw—reduced duct surface area, reductions and
improved duct location improv , duct R-value when ducts
are buried in ceiling insulation, mstallatlon of a air condltloner thermostatlc expansmn valve, high air conditioner
EER, and high quality building envelope construction builder employees or subcontractors shall:

e record the feature on the CF-6R,

e recordonthe CE-6R the duct surface-area-ineach-ductlocationand-record on the CF-6R field
measurements required to field verify the measure, and

o certify on the CF-6R th

and-that

the work meets the requirements for compllance credit.

747.6 HERS Verification-Sampling Procedures

At the builder’'s option, HERS field verification and diagnostic testing shall be completed either for each
dwelling unit or for a sample of dwelling units_in which the measure requiring field verification and diagnostic
testing is installed. Note that if multiple measures requiring field verification and diagnostic testing are installed
in dwelling units, sample testing does not have to be completed for all of the measures in the same dwelling
unit. Dwelling units in the sample shall be in the same subdivision or multifamily housing development. Field
verification and diagnostic testing for compliance credit for duct sealing shall use the diagnostic duct leakage
from fan pressurization of ducts in Section4-3.8.2.1 of AppendixFACM RF.

Field verification and diagnostic testing for compliance credit for refrigerant charge and airflow measurement
shall use the standard charge and airflow measurement procedure specified in ApperdixKACM RK. Field
verification and diagnostic testing shall not use the alternate charge and airflow measurement procedure. Field
verification and diagnostic testing shall be scheduled and completed when the outside temperature is above
55°F.

The builder shall provide the HERS provider a copy of the CF-6R containing the installation certifications
required in Section-%37.5. Prior to completing field verification and diagnostic testing, the HERS rater shall first
verify that the installation certifications have been completed.

If the builder chooses the sampling option, the procedures described in this section shall be followed. Sampling
procedures described in this section shall be included in the Compliance Supplement.

HERS Verification Sampling ProceduresHome Energy Rating Systems (HERS) Required Field Verification And
Diagnostic Testing
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741.17.6.1 Initial Field Verification and Testing

The HERS rater shall diagnostically test and field verify the first dwelling unit of each model. To be considered
the same model, dwelling units shall be in the same subdivision or multifamily housing development and have
the same energy designs and features, including the same floor area and volume, for each dwelling unit, as
shown on the CF-1R. For multi-family buildings, dwelling units may be considered the same model regardless
of variations in their exterior surface areas caused by their location within the building. This initial testing allows
the builder to identify and correct any potential construction flaws or practices in the build out of each model. If
field verification and diagnostic testing determine that the requirements for compliance are met, the HERS rater
shall provide a signed and dated Certificate of Field Verification and Diagnostic Testing (CF-4R) to the builder,
and-the HERS provider, and the building department.

7-4.27.6.2 Sample Field Verification and Testing

After the initial testing is completed, the builder shall identify a group of up to seven dwelling units from which a
sample WI|| be selected for testlng, and notlfy the HERS prowder Ihe—g#eup—shaﬂ—melade—enly—dweﬂmg—um%s

; A iod—If multiple measures requiring
ﬂeld ver|f|cat|on and dlaqnostlc testlnq are mstalled each dwelling unlt in the group shall have the same
measures requiring field verification and diagnostic testing as the other dwelling units in the group. If some
dwelling units have installed a different set of measures requiring field verification and diagnostic testing, these
dwelling units shall be in a separate group.

The builder shall identify the group of dwelling units by location of County, City and either the street address or
the subdivision and lot number, or the multifamily housing project name, -and shall identify the names and

Ilcense numbers of subcontractors responS|bIe for theduet—msta#anen—daet—sealmg—thepmestahee*pansren

requw_ges dlagnostlc testlng or fleld verlflcatlon The bwlder may add—adétlenaJ-remove dwelllng unlts from to
the group by notifying the HERS provider-a
Removed dwelling units which are constructed shaII elther be field verlfled and dlaqnost|callv tested |nd|V|duaIIv
or shall be included in a subsequent group for sampling.

The HERS rater shall select a minimum of one dwelling unit out of every-seven-sequentially-completed-dwelling

units-from-the group;-reunded-up-to-the-next-whele-nrumberfor diagnostic testing and field verification-as
deseribed-in-Section74. When several dwelling units are ready for testing at the same time, the HERS rater

shall randomly select the dwelling units to be tested. The HERS rater shall diagnostically test and field verify
the dwelling units selected by the HERS rater.

If field verification and diagnostic testing determines that the requirements for compliance are met, the HERS
rater shall provide a signed and dated Certificate of Field Verification and Diagnostic Testing to the builder,
and-the HERS provider, and the building department. The Certificate of Field Verification and Diagnostic
Testing shall report the successful diagnostic testing results and conclusions regarding compliance for the
tested dwelling unit. The HERS rater shall also provide a signed and dated Certificate of Field Verification and
Diagnostic Testing to the builder, -and-the HERS provider, and the building department for up to six additional
dwelling units frem-in the group. The Certificate shall not be provided for dwelling units in which the feature
requiring field verification and diagnostic testing has not been installed, sealed or completed.

Whenever the builder changes subcontractors who are responsible for the feature that is being diagnostically
field verified and tested, the builder shall notify the HERS rater of any subcontractors who have changed, and
terminate sampling for the identified group. All dwelling units using HERS Required Verification features for
compliance that were installed by previous subcontractors or were subject to verification and testing under the

Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic Testing HERS Verification
Sampling Procedures
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supervision of a previous HERS provider, for which the builder does not have a completed Certificate of Field
Verification and Diagnostic Testing, shall either be individually tested or included in a separate group for
sampling. Dwelling units with installations completed by new subcontractors shall either be individually tested
or shall be included in a new sampling group following a new Initial Field Verification and Testing.

The HERS rater shall not notify the builder when sample testing will occur prior to the completion of the work
that is to be tested. After the HERS rater notifies the builder when testing will occur, the builder shall not do
additional work on the features being tested.

7137.6.3 Re-sampling, Full Testing and Corrective Action,

When a failure is encountered during sample testing, the HERS rater shall conduct re-sampling to assess
whether that failure is unique or the rest of the dwelling units are likely to have similar failings. The HERS
providerrater shall select for re-sampling one eut-ofeveryseven-of-all-of the up to six untested dwelling units in
the group;+ounded-up-to-the-next-whole-number.

If testing in the all-dwelling units in the re-sample confirms that the requirements for compliance credit are met,
then the dwelling unit with the failure shall not be considered an indication of failure in the other dwelling units
in the group. The HERS rater shall provide a signed and dated Cetrtificate of Field Verification and Diagnostic
Testing to the builder, the HERS provider, and the building department for up to six additional dwelling units in
the group, including the dwelling unit in the re-sample. -The builder shall take corrective action for the dwelling
unit with the failure, and then the HERS rater shall retest to verify compliance and issue a signed and dated
Certificate of Field Verification and Diagnostic Testing to the builder. Sampling-shall-thenresume-forthe
remainder-ofthe-group-

If field verification and testing in-any-of-the-dwelling-units-in the re-sample results in a second failure, the builder
shall take correctlve act|on in aII unoccupled dwelllng units in the group that have not been tested-but-forwhich
ompleted. In cases where corrective action
would require destructlon of bundlnq components, the bwlder may choose to reanalvze compliance and choose
different measures that will achieve compliance. In this case a new Certificate of Compliance shall be
completed and submitted to the HERS provider, HERS rater and building department. The HERS rater shall
conduct field verification and diagnostic testing in each of these dwelling units to verify that problems have
been corrected and that the requirements for compliance have been met, and shall report to the HERS
provider, the builder, and the building department.

Builders shall offer at no charge to building owners® in occupied dwelling units in the group to complete field
verification and testing and corrective action if necessary. Building owners may decline this offer. -Building
owners-may-decline-this-offer—Builders shall report to the HERS provider the identifying location of any
dwelling unit in which the building owner declines field verification and testing and corrective action-te-the
HERSprovider. The HERS provider shall verify that the builder has made this offer. If a building owner in an
occupied dwelling unit declines this offer, field verification, testing and corrective action will not be required for
that dwelling unit and the dwelling unit will no longer be considered a part of the group. If a building owner
accepts this offer, the builder shall take corrective action. The HERS rater shall then conduct field verification
and diagnostic testing to verify that problems have been corrected and that the requirements for compliance
have been met, and shall report to the HERS provider, builder, and the building department.

The HERS provider shall file a report with the building department explaining all action taken (including field
verification, testing, corrective action, offers to building owners for testing and corrective action and building
owner decllnes of such offers) to brlng |nto compllance dwelllng units for which full testlnq has been reqwred a

the—leu#elmeeeeartment If correct|ve actlon reqwres work not speC|f|caIIy exempted by Sectlon 112 of the
YCMC or Section 106 of the YCBC, the builder shall obtain a permit from the building department prior to
commencement of any of the work.

% When the term “building owner” is used in this Chapter, it shall mean owner of the dwelling unit.

HERS Verification Sampling ProceduresHome Energy Rating Systems (HERS) Required Field Verification And
Diagnostic Testing
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group-shallcease—If additional dwelling units in the group are completed during the time required to correct,
field verify and test the previously completed dwelling units in the group, the rater shall individually field verify
and diagnostically test those additional dwelling units to confirm that the requirements for compliance credit are

Corrections shall not be made to a sampled or re-sampled dwelling unit to avoid a failure. If corrections are
made to a sampled or re-sampled dwelling unit_to avoid a failure, corrections, field verification and testing shall
be performed on 100% of the dwelling units in the group.

7.7 Third Party Quality Control Programs

The Commission may approve Third Party Quality Control Programs that serve the function of HERS raters for
field verification purposes. Third Party Quality Control Programs shall provide training to installers regarding
compliance requirements for measures for which diagnostic testing and field verification is required. Third Party
Quality Control Programs shall collect data from participating installers for each installation completed for
compliance credit, complete data checking analysis to evaluate the validity and accuracy of the data to
independently determine whether compliance has been achieved, provide direction to the installer to retest and
correct problems when data checking determines that compliance has not been achieved, require
resubmission of data when retesting and correction is directed, and maintain a database of all data submitted
by installers in a format that is acceptable to the Commission and available to the Commission upon request.
The data that is collected by the Third Party Quality Control Program shall be more detailed than the data
required for showing compliance with the Standards, shall provide an independent check on the validity and
accuracy of the installer’s claim that compliance has been achieved, and shall not be alterable by the installer
to indicate that compliance has been achieved when in fact compliance has not been achieved.

The Third Party Quality Control Program shall also obtain the services of a HERS rater to conduct independent
field verifications, completing all of the responsibilities of a HERS rater as specified in this Chapter with the
exception that sampling shall be completed for a group of up to thirty dwelling units with @ minimum sample of
one out of every thirty sequentially completed dwelling units from the group. The HERS rater shall be an
independent entity from the Third Party Quality Control Program. Re-sampling, Full Testing and Corrective
Action shall be completed as specified in section 7.6.3. with the exception that re-sampling shall be completed
for a minimum of one out of every thirty dwelling units from the group.

The Third Party Quality Control Program shall meet all of the requirements of a HERS rater specified in the
Commission’s HERS Program regulations (California Code of Requlations, Title 20, Division 2, Chapter 4,
Article 8, Sections 1670 -1675), including the requirement to be an independent entity from the builder and the
HERS Rater that provides independent field verifications, subcontractor installer as specified by section
1673(i). A Third Party Quality Control Program may have business relationships with installers participating in
the Program to advocate or promote the Program and an installer’s participation in the Program, and to
advocate or promote products that the Third Party Quality Control Program sells to installers as part of the

Program.

Prior to approval by the Commission, the Third Party Quality Control Program shall provide a detailed
explanation to the Commission of 1) the data that is to be collected from the installers, 2) the data checking
process that will be used to evaluate the validity and accuracy of the data, 3) the justification for why this data
checking process will provide strong assurance that the installation actually complies, and 4) the format for the
database that will be maintained and provided to the Commission upon request. The Third Party Quality
Control Program may apply for a confidential designation of this information as specified in the Commission’s
Administrative Regulations (California Code of Regulations, Title 20, Division 2, Chapter 7, Article 2, Section
2505). The Third Party Quality Control Program shall also provide a detailed explanation of the training that will
be provided to installers, and the procedures that it will follow to complete independent field verifications.

The Third Party Quality Control Program shall be considered for approval as part of the rating system of a
HERS Provider, which is certified as specified in the Commission’s HERS Program requlations, Section 1674.

Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic Testing Third Party Quality
Control Programs
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A Third Party Quality Control Program can be added to the rating system through the recertification of a
certified HERS Provider as specified by Section 1674(d).

7-3:47.8 Sampling for Additions or Alterations

When compliance for an addition or alteration requires diagnostic testing and field verification, the building
permit applicant may choose for the testing and field verification to be completed for the dwelling unit alone or
as part of a sample of dwelling units for which the same installer-installing company has completed work that
requires testing and field verification for compliance. The building permit applicant shall complete the applicable
portions of a Certificate of Compliance (CF-1R) and shall complete the HERS Provider Notification as specified
in section-#3 7.4. The HERS Provider shall define the group for sampling purposes as all dwelling units where
the building permit applicant has chosen to have testing and field verification completed as part of a sample for
the same installing company. The group shall be no larger than-seven. The installing company may request a
smaller group for sampling. Whenever the HERS Rater for an installing company is changed, a new group will
be established. Initial Field Verification and Testing shall be completed for the first dwelling unit in each group.
Re-sampling, Full Testing and Corrective Action shall be completed if necessary as specified by section£53
7.6.3.

Field verification may be completed by an approved Third Party Quality Control Program as specified in section
76 7.7 The group for sampling purposes shall be no larger than thirty when a Third Party Quality Control
Program is used. The Third Party Quality Control Program may define the group instead of the Provider. When
a Third Party Quality Control Program is used, the CF-6R shall document that data checking has indicated that
the dwelling unit complies. The building official may approve compliance based on the CF-6R on the condition
that if sampling indicates that re-sampling, full testing and corrective action is necessary, such work shall be
completed.

#£87.9 Summary of Responsibilities

This section summarizes responsibilities described previously in this chapter and organizes them by the
responsible party.

7-8.17.9.1 Certificate of Compliance Documentation Author

When the Certificate of Compliance (CF-1R) indicates that any HERS field verification and diagnostic testing
measure is required for compliance, the documentation author shall notify the HERS provider by phone, FAX or
email and send a copy of the CF-1R to the HERS provider. The documentation author shall certify on the CF-
1R that this notification has been completed.

7.8.17.9.2 Builder

The builder shall make arrangements for the services of a certified HERS Rater prior to installation of the
measures, so that once the installation is complete the HERS Rater has ample time to complete the field
verification and diagnostic testing without delaying final approval of occupancy by the building department.

Builder employees or subcontractors responsible for completing either diagnostic testing, visual inspection or
verification as specified in Section #3-7.5 shall certify the diagnostic testing results and that the work meets the
requirements for compliance credit on the CF-6R.

The builder shall provide the HERS provider with the identifying location of the group of dwelling units to be

included in the sample for field verification and diagnostic testing-and-the-expected-date-that sampling-may
begin. The builder shall provide the HERS provider a copy of the CF-6R signed by the builder employees or

sub-contractors certifying that diagnostic testing and installation meet the requirements for compliance credit.

The builder shall provide a Certificate of Field Verification and Diagnostic Testing (CE-4R) signed and dated by
the HERS rater to the building official in conjunction with requests for final inspection for each dwelling unit.

Sampling for Additions or Alterations  Home Energy Rating Systems (HERS) Required Field Verification And
Diagnostic Testing
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When re-sampling reveals a failure, builders shall offer, at no charge to building owners in occupied dwelling
units in the group, to complete field verification, testing and corrective action if necessary. Building owners may
decline to have field verification and testing and corrective action completed. Builders shall report the
identifying location of any dwelling unit in which the building owner declines field verification and testing and
corrective action to the HERS provider. Builders shall take corrective action as required in all unoccupied
dwelling units in the group and in occupied dwelling units in the group where building owners have accepted
field verification, testing and corrective action.

7.8.37.9.3 HERS Provider and Rater

The HERS provider shall maintain a list of the dwelling units in the group from which sampling is drawn, the
dwelling units selected for sampling, the dwelling units sampled and the results of the sampling, the dwelling
units selected for re-sampling, the dwelling units that have been tested and verified as a result of re-sampling,
the corrective action taken, and copies of all Certificates of Field Verification and Diagnostic Testing for a
period of five years.

The HERS rater providing the diagnostic testing and verification shall sign and date a Certificate of Field
Verification and Diagnostic Testing certifying that he/she has verified that the requirements for compliance
credit have been met. Certificates of Field Verification and Diagnostic Testing shall be provided for the tested
dwelling unit and each of up to six other dwelling units from the group for which compliance is verified based on
the results of the sample. The HERS rater shall provide this certificate to the builder, and-the HERS provider,
and the building department.

The HERS Rater shall provide a separate Certificate of Field Verification and Diagnostic Testing for each

dwelling unit the rater determines has met the diagnostic requirements for compliance. The HERS rater shall
identify on the Certificate of Field Verification and Diagnostic Testing if the dwelling unit has been tested or if it
was an untested dwelling unit approved as part of sample testing. The HERS rater shall not sign a Certificate of
Field Verification and Diagnostic Testing for a dwelling unit that does not have a CF-6R signed by the installer

as required in Sections Z-2-and 7.5 4. |

If field verification and testing on a sampled dwelling unit identifies a failure to meet the requirements for
compliance credit, the HERS rater shall report to the HERS provider, the builder, and the building department
that re-sampling will be required.

If re-sampling identifies another failure, the HERS rater shall report to the HERS provider, and-the builder, and
the building department that corrective action and diagnostic testing and field verification will be required for all
the untested dwelling units in the group. This report shall specify the identifying location of all dwelling units that

must be fully tested and corrected-and-fully-tested.
The HERS provider shall also report to the builder once diagnostic testing and field verification has shown that

the failures have been corrected in all of the dwelling units except those for which the building owner has
declined field verification, testing and corrective action.

When individual dwelling unit testing and verification confirms that the requirements for compliance have been
met, the HERS rater shall provide a Certificate of Field Verification and Diagnostic Testing for each previously

HntestedMHveﬂﬁed—dwellmg unlt in the groupﬂand—fer—eaehﬂadquakdwel#ngam%ef—thesamemedel

The HERS provider shall file a report with the building department explaining all action taken (including field
verification, testing, corrective actions, offers to building owners for testing and corrective action, and building
owner declines of such offers) to brlng |nto compllance dwelllng un|ts for which full testlng has been requweda

74.47.9.4 Third Party Quality Control Program

An approved Third Party Quality Control Program shall:

Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic Testing Summary of
Responsibilities
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e Provide training to installers regarding compliance requirements for measures for which diagnostic testing
and field verification is required,

e Collect data from participating installers for each installation completed for compliance credit,

e Complete data checking analysis to evaluate the validity and accuracy of the data to independently
determine whether compliance has been achieved,

e Provide direction to the installer to retest and correct problems when data checking determines that
compliance has not been achieved,

e Require resubmission of data when retesting and correction is directed, and

e Maintain a database of all data submitted in a format that is acceptable to the Commission and available to
the Commission upon request.

The Third Party Quality Control Program shall obtain the services of an independent HERS Rater to conduct
independent field verifications, completing all of the responsibilities of a HERS Rater as specified in this
Chapter with the exception that sampling shall be completed for a group of up to thirty dwelling units and
sampling and re-sampling shall be completed for a minimum of one out of every thirty sequentially completed
dwelling units from the group.

7-1.57.9.5 Building Department

When the Certificate of Compliance (CF-1R) indicates any HERS diagnostic testing and field verification
measure is required for compliance, the building department shall verify that the Documentation Author has
notified the HERS Provider before accepting the CF-1R.

The building department at its discretion may require independent testing and field verification to be scheduled
so that it can be completed in conjunction with the building department’s required inspections, and/or observe
the diagnostic testing and field verification performed by builder employees or subcontractors and the certified
HERS rater in conjunction with the building department’s required inspections to corroborate the results
documented in installer certifications, and in the Certificate of Field Verification and Diagnostic Testing.

For dwelling units that have used a compliance alternative that requires field verification and diagnostic testing,
the building department shall not approve a dwelling unit for occupancy until the building department has
received a Certificate of Field Verification and Diagnostic Testing that has been signed and dated by the HERS
rater.

If necessary to avoid delay of approval of dwelling units completed when outside temperatures are below 55°F,
building departments may approve compliance credit for refrigerant charge and airflow measurement when
installers have used the alternate charging and airflow measurement procedure described in Appendix K,
Section 3. This approval will be on the condition that installers provide a signed agreement {CE-6R}-to the
builder with a copy to the building department to return to correct refrigerant charge and airflow if the HERS
rater determines at a later time when the outside temperature is above 55°F that correction is necessary.

Summary of Responsibilities Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic
Testing
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7.10 Definitions of Terms Used In This Chapter

The following definitions apply to the procedures described in this document.

Building Owner. When the term “building owner” is used in this Chapter, it shall mean owner of the dwelling
unit.

Builder. The general contractor responsible for construction.

Building Department.. The city, county or state agency erganization-with-respensibility-responsible for
approving the plans, -and-issuing a building permit and approving occupancy of the dwelling unit.

Dwelling Unit. When the term “dwelling unit” is used relative to multifamily buildings, it shall mean each
dwelling unit within each multifamily building project.

HERS Provider means an organization that the Commission has approved to administers a home energy
rating system program, certify raters and maintain quality control over field verification and diagnostic testing

{alsoreferred-to-as-a"home-energyrating service-organization™) required for compliance with the Standards.

HERS Rater means a person certlfled by a Commission approved HERS Provider to performeing the-site
the field verification and diagnostic

testing reqwred for demonstrating compliance with the standards.

Home Energy Rating Systems (HERS) Required Field Verification And Diagnostic Testing Definitions of Terms
Used In This Chapter
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Independent Entity means having no financial interest in, and not advocating or recommending the use of any
product or service as a means of gaining increased business with, firms or persons specified in Section 1673(i)
of the California Home Energy Rating System Program regulations (California Code of Regulations, Title 20,
Division 2, Chapter 4, Article 8). Financial Interest means an ownership interest, debt agreement, or
employer/employee relationship. Financial interest does not include ownership of less than 5% of the
outstanding equity securities of a publicly traded corporation.

NOTE: The definitions of "independent entity" and "financial interest," together with Section 1673(i), prohibit
conflicts of interest between providers and raters, or between providers/raters and builders/subcontractors.

Documentation Author. The person responsible for completing the compliance documentation which
demonstrates that a building complies with the standards. Compliance documentation requirements are
defined in the RCM.

Model. A floor plan and house design that is repeated throughout a subdivision or within a multi-family
development-buildingwith-only-minorvariation. To be considered the same model, dwelling units shall be in the
same subdivision or multi-family housing development and have the same enerqgy designs and features,
including the same floor area and volume, for each dwelling unit, as shown on the CF-1R. For multi-family
buildings, dwelling units may be considered the same model regardless of variations in their exterior surface
areas caused by their location within the building.

Certificate of Field Verification and Diagnostic Testing Cetrtificate- (CF-4R). A document with information
required by the Commission that is prepared by the HERS rater to certify that measures requiring field
verification and diagnostic testing comply with the requirements.

Certificate of Compliance (CF-1R). A document with information required by the Commission that is prepared
by the Documentation Author that indicates that

Installation Certificate (CF-6R). A document with information required by the Commission that is prepared by
the builder or installer verifying that the measure was installed to meet the requirements of the standards.

Definitions of Terms Used In This Chapter Home Energy Rating Systems (HERS) Required Field Verification
And Diagnostic Testing
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8. Compliance Supplement

Each ACM vendor is required to publish a Compliance Supplement to the normal program users manual. The
Compliance Supplement serves two major purposes. First, it helps building permit applicants to use the ACM
correctly and to prepare complete documentation of their analyses. Second, it helps building officials to check
permit applications for compliance with the low-rise residential Building Energy Efficiency Standards. As a
result, it helps to assure that both the performance standards and the ACM are used properly.

The Compliance Supplement must describe the specific procedures for using the ACM for compliance with the
Building Energy Efficiency Standards. The supplement must provide instructions for preparing the building
input, using the correct fixed and restricted inputs, and for using each of the optional capabilities for which the
ACM is approved. Also included are procedures for generating the standard reports and documenting the
analysis. A sample of a properly documented building analysis must be included.

All Compliance Supplements must be written in a clear and concise manner and with a common organization
and format. Variations in format may be approved by the CEC, however, to allow for the differences between
ACMs. This will assure consistency between the compliance supplements of different ACMs, simplifying the
enforcement task of building officials. Also, vendors of approved ACMs are required to make copies of their
compliance supplement available to all building departments in California.

The following sections describe the information that must be included in all compliance supplements. It also
presents the required organization for that information.

8.1 CEC Approval

This section includes a copy of the official CEC notice of approval of the ACM. The notice may include
restrictions or limitations on the use of the ACM. It will also include the date of approval, and may include an
expiration date for approval as well. The notice will indicate which optional capabilities the ACM is approved for
and other restrictions on its use for compliance. The CEC will provide this notice upon completion of evaluation
of the ACM application.

8.2 Program Capabilities

This section discusses the program capabilities, with supporting written material explaining, as necessary, how
the ACM treats each one. Reference may be made to non-compliance sections of the ACM Users Manual for
more complete descriptions, if they exist.

8.3 Standard Input/Output Report

This section explains how to use the program to prepare the standard input/output reports.

8.4 Fixed and Restricted Inputs

Approved ACMs must automatically use the standard fixed and restricted inputs for the standard design run. It
must also default to the standard assumptions for the proposed design run. When the alternative fixed and
restricted inputs are used for the proposed design run, the ACM must report this in the Special Features and
Modeling Assumptions sections of the standard reports.

This section of the Compliance Supplement explains the fixed and restricted inputs and how they are invoked
in the ACM. This is especially important if the ACM offers the possibility of non-compliance runs which can
deviate from the fixed and restricted inputs.

Compliance Supplement CEC Approval
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8.5 Preparing Basic Input

This section covers the basic use of the ACM for compliance. Optional capabilities are described in greater
detail. Reference may be made to the users manual, but this section should include a complete summary of all
inputs and/or commands necessary for compliance.

8.6 Optional Capabilities

This section explains the procedures for using each of the optional capabilities of the ACM. It is a parallel
section to the basic inputs section above. The section for each optional capability should explain how to
prepare inputs, how to document assumptions, and what the limitations are of each analysis capability.

8.7 Special Features and Modeling Assumptions

This section explains the use of the Special Features and Modeling Assumptions listing to highlight the
importance of verifying the special features and the aspects of those features that were modeled to achieve
compliance.

8.8 HERS Required Verification

This section explains the use of the HERS Required Verification listing to highlight the special features that
require diagnostic testing by a certified home energy rater under the supervision of a CEC approved HERS
provider to assure proper installation and verification. This section may rely on the information provided in
Chapter 7, other sections of this manual, or may refer to other Commission documents.

8.9 Checklist for Compliance Submittal

This section should contain a concise checklist of all items that must be included in a compliance submittal to a
building official using the ACM.

8.10 Sample Compliance Documentation

This section should include a complete set of compliance documentation for a sample building. The building
need not be overly complex, nor need it include every program capability. The example should, however,
include all documentation and standard reports that would normally be submitted. This example will serve as a
model to ACM users and building officials of what a proper compliance submittal should look like.

8.11 Compliance Statement

The following statement must appear within the first several pages of the Supplement:

[ACM Name] may be used to show compliance with California's Residential Building Energy Efficiency
Standards.

8.12 Related Publications

The Compliance Supplement should refer users to the following related CEC publications and where to obtain
them:

e 2001 Building Energy Efficiency Standards (P400-00-001)
e 2001 Residential Manual (P400-00-029)

Preparing Basic Input Compliance Supplement
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Both publications are available from:

California Energy Commission
Publications Unit

1516 Ninth Street
Sacramento CA 95814

(916) 654-5200

Compliance Supplement Related Publications
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9. Vendor Requirements Availability to CEC

All ACM vendors are required to submit at least one version of the ACM to the California Energy Commission.
An updated copy or access to the approved version of the ACM must be kept by the CEC to maintain approval
for compliance usage of the ACM. The CEC agrees not to duplicate the ACM except for the purpose of
analyzing it, for verifying building compliance with the ACM, or to verify that only approved versions of the ACM
are used for compliance.

9.29.1 Building Department Support

ACM vendors must provide a copy of the ACM Compliance Supplement to all local building enforcement
agencies who request one in writing.

9.39.2 User Support

It is expected that ACM vendors will offer support to their users with regard to the use of the ACM for
compliance purposes. Vendors may charge a fee for user support.

9.49.3 ACM Vendor Demonstration

The CEC may request ACM vendors to physically demonstrate their program's capabilities. One or more
demonstrations may be requested before approval is granted.

Vendor Requirements Availability to CEC Building Department Support
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NOTE: THIS APPENDIX HAS NOT YET BEEN MODIFIED. THIS WILL BE DONE WHEN CHAPTERS 5 AND 6 ARE MODIFIED,
SINCE THE DATA REPORTED IN THIS APPENDIX MUST BE AN EXACT MATCH TO THE TESTS REQUIRED IN CHAPTERS 5
AND 6.

Appendix RA — Certification of Alternative Calculation
Method

Energy Efficiency Standards for Residential Buildings, Sections 150 to 152

I (name), certify that this alternative calculation method

(ACM), (name of ACM), version number ,
dated , developed by, (personnel or company),
(address) (city, state)

(zip), passes all of the ACM tests and gives results that are reliable and accurate when used for calculating
custom budgets and annual energy use estimates to comply with CEC (California Energy Commission)
regulations, subject to the fixed and restricted assumptions specified in the Alternative Calculation Method
(ACM) Approval Manual for the 2001 Energy Efficiency Standards for Residential Buildings, and the fixed and
restricted inputs specified in the manuals describing the use of this method (Users Manual and Compliance
Supplement thereto). | certify that the calculation of energy use in buildings, following the instructions in the
manuals, and using accurate and complete plans and specifications for a building will achieve reliable and
accurate energy analysis results with this ACM. Moreover, the calculations are verifiable when modeling the
same building and accurately applying the fixed and restricted assumptions and inputs mentioned above. |
further certify that all variables used by the program that are not subject to ready verification in the plans and
specifications or that are subject to occupant use are either fixed, carefully restricted, or defaulted in this ACM.

| also certify that the inputs, default values, and assumptions specified for compliance runs in the manuals, and
used in the accompanying application for the CEC residential ACM approval, are consistent with the inputs,
default values, and assumptions specified by the CEC in the Alternative Calculation Method (ACM) Approval
Manual for the 2001 Energy Efficiency Standards for Residential Buildings for use when generating standard
design budgets and annual energy use estimates. | also certify that all specific inputs, variables, and
assumptions needed to achieve the accuracy required to pass the capability tests in the ACM Approval Manual
are either not subject to user variation, are defaulted to the values used for compliance, or are clearly specified
as restricted or required inputs in the manuals for the ACM. In addition, the manuals clearly indicates that an
easily verified list of the actual values of any such variables used for performance approach compliance which
are subject to programmatic or user variation are to be included with the compliance documentation supplied
by a building permit applicant to the enforcement agency. In summary, | also certify that the results of this
alternative calculation method as specified in the manuals for the ACM in conjunction with an accurate and
adequate set of plans and specifications for a building are not subject to significant variation by the
manipulation of unrestricted user specified inputs that are difficult or impossible to verify.

In certifying the reliability and accuracy of this ACM, | certify that the results of this ACM's calculations,
algorithms and assumptions are open to inspection by any individual or State entity, that this ACM may be
challenged for its validity and accuracy as specified by the ACM Approval Manual, and that if challenged, | will
prepare an adequate response or face possible withdrawal of ACM approval.

This certification is based upon the tests and requirements specified in the Alternative Calculation Method
(ACM) Approval Manual for the 2001 Energy Efficiency Standards for Residential Buildings, and upon personal
knowledge and experience with the use of this alternative calculation method.

Signed Date Title
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ACM RA-2005

RA-2

Space Conditioning Test 1

Label

01A00
02A00
03A00
04A00
05A00
06A00
07A00
08A00
09A00
10A00
11A00
12A00
13A00
14A00
15A00
16A00
03B00
09B00
12B00
14B00
16B00

Basecase Building

Space Conditioning Test 2

Label

01A00
02A00
03A00
04A00
05A00
06A00
07A00
08A00
09A00
10A00
11A00
12A00
13A00
14A00
15A00
16A00
03B00
09B00
12B00
14B00
16B00

Heating Cooling Total
Basecase Building
Heating Cooling Total

Label

01A01
02A01
03A01
04A01
05A01
06A01
07A01
08A01
09A01
10A01
11A01
12A01
13A01
14A01
15A01
16A01
03B01
09B01
12B01
14B01
16B01

Label

01A02
02A02
03A02
04A02
05A02
06A02
07A02
08A02
09A02
10A02
11A02
12A02
13A02
14A02
15A02
16A02
03B02
09B02
12B02
14B02
16B02

Prototype Variation

Heating

Cooling

Total

Prototype Variation

Heating

Cooling

Total
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ACM RA-2005 RA-3
Space Conditioning Test 3
Reduce ceiling U-value and increase south glass
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A03
09A00 09A03
12A00 12A03
14A00 14A03
16A00 16A03
Space Conditioning Test 4
Reduce wall U-value and increase west glass
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A04
09A00 09A04
12A00 12A04
14A00 14A04
16A00 16A04
Space Conditioning Test 5
Add slab insulation and increase north glass
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A05
09A00 09A05
12A00 12A05
14A00 14A05
16A00 16A05
Space Conditioning Test 6
Reduce glazing U-value and add north glass
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A06
09A00 09A06
12A00 12A06
14A00 14A06
16A00 16A06

Space Conditioning Test 7

Increase glazing U-value and reduce glass area on all orientations
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ACM RA-2005 RA-4
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A06
09A00 09A07
12A00 12A07
14A00 14A07
16A00 16A07
Space Conditioning Test 8
Increase exposed mass and increase south glass area
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A08
09A00 09A08
12A00 12A08
14A00 14A08
16A00 16A08
Space Conditioning Test 9
Increase exposed mass and increase west glass area
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A09
09A00 09A09
12A00 12A09
14A00 14A09
16A00 16A09
Space Conditioning Test 10
Increase exposed mass and increase north glass area
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A10
09A00 09A10
12A00 12A10
14A00 14A10
16A00 16A10
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ACM RA-2005

RA-5

Space Conditioning Test 11

Increase exposed mass and increase east glass area

Label

03A00
09A00
12A00
14A00
16A00

Basecase Building

Heating

Cooling

Total

Space Conditioning Test 12

Label

03A11
09A11
12A11
14A11
16A11

Prototype Variation

Heating

Cooling

Total

Reduce exposed thermal mass, add exterior shading and increase west glass

Label

03A00
09A00
12A00
14A00
16A00

Basecase Building

Heating

Cooling

Total

Space Conditioning Test 13

Label

03A12
09A12
12A12
14A12
16A12

Prototype Variation

Heating

Cooling

Total

Increase exposed thermal mass, add better interior shading and increase south glass

Label

03A00
09A00
12A00
14A00
16A00

Basecase Building

Heating

Cooling

Total

Space Conditioning Test 14

Add south overhang and increase south glass

Label

03A00
09A00
12A00
14A00
16A00

Basecase Building

Heating

Cooling

Total

Label

03A13
09A13
12A13
14A13
16A13

Label

03A14
09A14
12A14
14A14
16A14

Prototype Variation

Heating Cooling Total
Prototype Variation
Heating Cooling Total
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ACM RA-2005

RA-6

Space Conditioning Test 15

Move ducts to conditioned space and increase glass on all orientations

Basecase Building

Label Heating
03A00

Cooling

Total

09A00

12A00

14A00

16A00

Water Heating Tests
Enter the calculated values

Climate
Zone

Energy Budget

Label

03A15
09A15
12A15
14A15
16A15

Prototype Variation
Heating Cooling Total
H I J

Standard

POU/HWR

Pipe Insulation

Recirc/NoControl

Recirc/Timer

Recirc/Demand

Recirc/Time+Temp

Recirc/Temp

Parallel Piping
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RA-7

Custom Budget Space Conditioning 31

Gas heated slab floor building

Label

01C31
02C31
03C31
04C31
05C31
06C31
07C31
08C31
09C31
10C31
11C31
12C31
13C31
14C31
15C31
16C31

Basecase Building

(from custom budget column)

Heating

Cooling

Total

Custom Budget Space Conditioning 32

Gas heated raised floor building

Label

01C32
02C32
03C32
04C32
05C32
06C32
07C32
08C32
09C32
10C32
11C32
12C32
13C32
14C32
15C32
16C32

Basecase Building

(from custom budget column)

Heating

Cooling

Total

Label

01C31C
02C31C
03C31C
04C31C
05C31C
06C31C
07C31C
08C31C
09C31C
10C31C
11C31C
12C31C
13C31C
14C31C
15C31C
16C31C

Label

01C32C
02C32C
03C32C
04C32C
05C32C
06C32C
07C32C
08C32C
09C32C
10C32C
11C32C
12C32C
13C32C
14C32C
15C32C
16C32C

Standard Design Equivalent

(from proposed design column)

Heating

Cooling

Total

Standard Design Equivalent

(from proposed design column)

Heating

Cooling

Total
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ACM RA-2005

RA-8

Custom Budget Space Conditioning 33

Electric heated slab floor building

Label

01C33
02C33
03C33
04C33
05C33
06C33
07C33
08C33
09C33
10C33
11C33
12C33
13C33
14C33
15C33
16C33

Space Conditioning Ducts Test 34
Duct designed to meet ACCA Manual D with sealed and tested ducts

Label

03A00
09A00
12A00
14A00
16A00

Space Conditioning Ducts Test 35

Basecase Building

(from custom budget column)

Heating

Cooling

Total

Basecase Building

Heating

Cooling

Total

Sealed and tested ducts

Label

03A00
09A00
12A00
14A00
16A00

Basecase Building

Heating

Cooling

Total

Label

01C33C
02C33C
03C33C
04C33C
05C33C
06C33C
07C33C
08C33C
09C33C
10C33C
11C33C
12C33C
13C33C
14C33C
15C33C
16C33C

Label

03A34
09A34
12A34
14A34
16A34

Label

03A35
09A35
12A35
14A35
16A35

Standard Design Equivalent

(from proposed design column)

Heating

Cooling

Total

Prototype Variation

Heating

Cooling

Total

Prototype Variation

Heating

Cooling

Total
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ACM RA-2005

RA-9

Space Conditioning Ducts Test 36

Ducts and air handler in conditioned space with sealed and tested ducts

03A00
09A00
12A00
14A00
16A00

Addition Plus Existing Test 37

Mandatory minimum R-19 ceiling, R-13 walls in addition

03A00
09A00
12A00
14A00
16A00

Addition Plus Existing Test 38

Existing and addition roof meets Package D, change west facing glazing

03A00
09A00
12A00
14A00
16A00

Space Cooling SSEER Test 39

Split system, 12 SEER, TXV, sealed and tested ducts, and ACCA Manual D duct design

03A00
09A00
12A00
14A00
16A00

Space Cooling SSEER Test 40
Split system, 10.5 SEER and TXV

03A00
09A00
12A00
14A00
16A00

03A36
09A36
12A36
14A36
16A36

03A37
09A37
12A37
14A37
16A37

03A38
09A38
12A38
14A38
16A38

03A39
09A39
12A39
14A39
16A39

03A40
09A40
12A40
14A40
16A40
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ACM RA-2005

RA-10

Space Cooling SSEER Test 41
Split system with 19 SEER

03A00 03A41
09A00 09A41
12A00 12A41
14A00 14A41
16A00 16A41

Space Cooling SSEER Test 42
Package system, 11.7 SEER, sealed and tested ducts, and ACCA Manual D duct design

03A00 03A42
09A00 09A42
12A00 12A42
14A00 14A42
16A00 16A42

Optional Capability Test 51

Controlled ventilation crawlspaces

Basecase Building Prototype Variation

Label Heating Cooling Total Label Heating Cooling Total
03B00 03B51

09B00 09B51

12B00 12B51

14B00 14B51

16B00 16B51

Custom Budget Test
12B51 12B51C

Optional Capability Test 52

Zonal Control

Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A52
09A00 09A52
12A00 12A52
14A00 14A52
16A00 16A52
Custom Budget Test
12A52 12A52C
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ACM RA-2005 RA-11
Optional Capability Test 53
Sunspaces
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A53
09A00 09A53
12A00 12A53
14A00 14A53
16A00 16A53
Custom Budget Test
12A53 12A53C
Optional Capability Test 54
Side Fin Shading
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A54
09A00 09A54
12A00 12A54
14A00 14A54
16A00 16A54
Custom Budget Test
12A54 12A54C
Optional Capability Test 55
Exterior Mass Walls
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A55
09A00 09A55
12A00 12A55
14A00 14A55
16A00 16A55
Custom Budget Test
12A55 12A55C
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ACM RA-2005 RA-12
Optional Capability Test 56
Combined Hydronic Space and Water Heating
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A56K
09A00 09A56K
12A00 12A56K
14A00 14A56K
16A00 16A56K
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A56L
09A00 09A56L
12A00 12A56L
14A00 14A56L
16A00 16A56L
Basecase Building Prototype Variation
Label Heating Cooling Total Label Heating Cooling Total
03A00 03A56M
09A00 09A56M
12A00 12A56M
14A00 14A56M
16A00 16A56M
Custom Budget Test
12A56 12A56C
Optional Capability Test 57
Form 3 Generator
Label U-value R-value
W.19.EQ2

FC.30.2x10.16
FX.30.2x10.16
R.22.2x6.24
RP.22.2x6.48
R.38.2x4.24
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ACM RB-2005

Appendix RB — Not Used

NOTE: THIS APPENDIX IS NOT USED. AT ONE TIME IT HAD THE CALRES INPUT FILES, BUT THE 1998 AND 2001 ACM
MANUALS HAD A NOTE TO GET THE FILES FROM THE CEC STAFF.
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ACM RC-2005

Appendix RC — Not Used

NOTE: THIS APPENDIX IS NOT USED. AT ONE TIME IT HAD THE CALRES INPUT FILES, BUT THE 1998 AND 2001 ACM
MANUALS HAD A NOTE TO GET THE FILES FROM THE CEC STAFF. THE FORMER APPENDIX HAD THE FOLLOWING NOTES:

O PAGES C-4 THROUGH C-60 HAVE BEEN DELETED BUT ARE RESERVED FOR FUTURE USE FOR FINAL VERSIONS OF
THE SAMPLE CALRES INPUT DESCRIPTIONS OF THE C PROTOTYPE BUILDING AND THE CUSTOM BUDGET TESTS.

O THESE SAMPLE FILES WILL BE ADDED FOR INFORMATION PURPOSES ONLY, AND WILL NOT BE ADOPTED AS
REGULATIONS.

0O PAGES C-1 TO C-3 ARE AVAILABLE UPON REQUEST BY CALLING DEBBIE FRIESE AT (916) 654-4067.
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ACM RD-2005

Appendix RD — Not Used

NOTE: THIS APPENDIX IS NOT USED. AT ONE TIME IT HAD THE CALRES INPUT FILES, BUT THE 1998 AND 2001 ACM
MANUALS HAD A NOTE TO GET THE FILES FROM THE CEC STAFF. THE FORMER APPENDIX HAD THE FOLLOWING NOTES:

O THE CONTENTS OF APPENDIX D HAVE BEEN DELETED.

0 APPENDIX D Is RESERVED FOR FUTURE USE FOR SAMPLE CALRES TEST RUN FILES AND INPUT DESCRIPTIONS
FOR THE OPTIONAL CAPABILITIES TESTS

O THESE SAMPLE FILES WILL BE ADDED FOR INFORMATION PURPOSES ONLY, AND WILL NOT BE ADOPTED AS
REGULATIONS.
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ACM RE-2005

Appendix RE — Not Used
SEE JOINT ACM APPENDIX IV.
THIS APPENDIX WAS ALSO BLANK IN THE 1998 AND 2001 VERSIONS. AT THAT TIME, IT REFERRED TO THE

NONRESIDENTIAL APPENDIX B OF THE NONRESIDENTIAL ACM MANUAL FOR INFORMATION ON CONSTRUCTION
ASSEMBLIES.
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ACM RF-2005

Appendix RF — Field Verification and Diagnostic Testing

e e e

of Air Distribution Systems

RF1 IntroductionPurpose and Scope

ACM RF contains procedures for measuring the air leakage in forced air distribution systems as well as

procedures for determining duct location, surface area and R-value.

ACM RF applies to air distribution systems in both new and existing low-rise residential buildings. It also

applies to nonresidential buildings, but only for single zone HVAC systems serving 5,000 ft? or less and with the

ductwork located in the space between an insulated ceiling and the roof.

ACM REF is intended as a quide and specification for HERS raters and others who need to perform field

verification and diagnostic testing of air distribution systems. Algorithms for determining distribution system

efficiency are contained in Chapter 4 of the residential ACM. Measurements and data collected through the

procedures in ACM RF provide input to the algorithms contained in Chapter 4. Table RF1 is a summary of the

inputs to the algorithms that may be determined from the procedures of ACM RF.

Table RF1 — Summary of Diagnostic Measurements

Variables and

Proposed Design

Input to the Equation
Algorithms Reference Description Standard Design Value Default Value Procedure
Supply duct As attics The surface area of the Ducts are assumed to be Supply duct area is RF4.1 Supply
surface area ;—’— . supply ducts in the attic, in attic with other Proposed  assumed to be 27% of the Duct Surface
and location Ds.crawl, the crawlspace and/or the Design defaults. conditioned floor area. Area_and

and/or Aspase  basement. Diagnostic Location depends on Location

(Eq. 4-54) measurements may not be number of stories, and the

used for return duct area. predominate supply duct
location. See Table 4-10.

Thermal Rs, Rr The thermal resistance of Same as Proposed Design  Package D requirement RF4.2 Duct
Resistance of -~ the supply ducts. default. Wall Thermal
Duct walls (Egs. 448 Resistance
- and 4-49)
DuctLeakage Q.5 Qg5 is measured leakage in - Qs = 6% of fan flow Qg5 = 22% of fan flow RF4.3 Duct

i the duct system at a Leakage

(Ibl4-10and  pregsure of 25 Pa. The

Eq. 4-47) coefficients a; and a, in Eq.

4.47 are based on Qys.

Radiant Tatic The presence of a radiant Radiant barrier assumed No radiant barrier Field Verify
Barrier barrier affects the when required by

SrEgé)""M and  temperature of the attic. Package D.

RF2 Instrumentation Specifications

The instrumentation for the air distribution diagnostic measurements shall conform to the following

specifications:
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ACM RF-2005 RF-2

RF2.1 Pressure Measurements

All pressure measurements shall be measured with measurement systems (i.e. sensor plus data acquisition
system) having an accuracy of + 0.2 Pa. All pressure measurements within the duct system shall be made with
static pressure probes.

RF2.23 Duct Leakage Measurements

The measurement of air flows during duct leakage -testing shall have an accuracy of £3% of measured flow
using digital gauges.

RF2.3 Calibration

All instrumentation used for fan-flow-and-duct leakage diagnostic measurements shall be calibrated according
to the manufacturer’s calibration procedure to conform to the above accuracy requirement. All testers
performing diagnostic tests shall obtain evidence from the manufacturer that the equipment meets the accuracy
specifications. The evidence shall include equipment model, serial number, the name and signature of the
person of the test laboratory verifying the accuracy, and the instrument accuracy. All diagnostic testing
equipment is subject to re-calibration when the period of the manufacturer’'s guaranteed accuracy expires.

RF3 Apparatus

RF3.1 Duct Pressurization

The apparatus for fan pressurization duct leakage measurements shall consist of a duct pressurization and
flow measurement device meeting the specifications in Section 4.1-3.

RF3.2 Duct Leakage to Outside (Existing Duct Systems)

The apparatus for measuring duct leakage to outside shall include a fan that is capable of maintaining the
pressure within the conditioned spaces in the house 25 Pa relative to the outdoors. The fan most commonly
used for this purpose is known as a “blower door’[gwp 1], and is typically installed within a temporary seal of an

open doorway.
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ACM RF-2005 RF-3

RF3.3 Smoke-Test Verification of Accessible-Duct Sealing (Existing Duct Systems)

The apparatus for verifying sealing of all accessible ducts shall also include means for generating non-toxic
visual smoke for identifying leaks in accessible portions of the duct system. This apparatus may consist of a
theatrical smoke generator, or a smoke bomb. In either cases, adequate smoke shall be generated to assure
that any accessible leaks will emit visibly identifiable smoke.

RF4 Procedures

that may be used to determlne dlaqnostlc inputs for the calculation of |mproved duct efficiency. Values needed

by the ACM Chapter 4 algorithms may be determined using either 1) default input assumptions or 2) diagnostic
measurement values. ACM RF has the procedures for determining the diagnostic measurement values (see
Table RF1 for a summary).

RF4.3-1 Supply Duct Surface Area and Location

A well-designed duct system can reduce the length of the supply duct. Smaller duct surface area will result in
reduced duct conduction losses. When measuring the duct surface area, the Fhe-supply-side ducts and return-
side duct surface areas shall be calculated separately. If the supply or return duct is located in more than one
zone, the area of that duct in each zone shall be calculated separately. Fhe-ductsurface-area-shall-be
determined-using-the-following-metheds—The plans for the building must contain detailed information on the

design of the duct system in order for the diagnostic duct area to be determined.
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A all-desianed-d am n rad e the lanath o d m d o

reduced-duct-conductionlosses-Duct surface area shall be calculated from measured duct lengths and
nominal outside diameters (for round ducts) or outside perimeters (for rectangular ducts) of each duct run in the
building. Improved conduction losses can be claimed for reduced supply duct surface area only (it does not
apply to the return duct). Supply plenum surface area shall be included in the supply duct surface area.
Diagnostic duct surface area requires measuring duct surface areas separately for each location outside
conditioned space, e.g. values must be determined for A atiic; As,crawi; 0Fand As pase)-

RF4.4 Duct Location
Supply-BDuctSurface-Area Return-Duct Surface-Area
SupphrorRetura-Duct One-story TFwo-or-more-story One-story TFwo-or-more-story
Loentien
e D) - 559 ©.359 — 00o - oo -
Crawlspace 100% crawlspace 85% crawlspace-35%conditioned 100%-attic 100%attic
space
Basement 100% Basement 65% basement 35% conditioned  100% Basement 100% Basement
space
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ACM RF-2005 RF-5

L e Deebiabloni o neinesfe s Ceslias
Froatams
{supphy) {roturn)
4 52.0 522 48:9 60:0 654 642 54.0 49:4
2 480 487 565 87.0 84.3 842 780 645
3 55.0 54.9 583 80:.0 794 782 748 62.8
4 53.0 534 56.6 79:0 787 74 70:9 644
5 49.0 49.6 52.3 740 752 734 66:4 56.8
6 57.0 56.7 59.9 810 804 794 727 641
7 62.0 844 60:4 740 752 734 66:4 616
8 e £nE SO 200 o AR 748 so0
9 e s £0E evas) 242 242 el e
£l e s e o0 oAl orE os so0
+ 428 4oz £0£ fel 200 o0 SE c0E
12 B £04 £02 o8 oA orE ek (B
kel 428 4oz £o4 oo Bl 2o 2 (cw Al
14 39:0 407 554 99:.0 927 944 88.7 686
15 50:0 50:4 634 102- 94.8 96:9 943 74.6
16 320 344 439 80:.0 794 782 748 544

RF4.6-2 Duct Wall Thermal Resistance
. . . . ;_2_9
Eelau_ i dbe.t “aR" d el'“ al-resista |eeﬁ 542 ]I A aI"' ' |e|5|Fs.|ta €60 O [_ ¥-"F/BTU} shall be-addedto-the

Duct wall thermal resistance shall be determined from the manufacturer’s specification observed during
diagnostic inspection. If ducts with multiple ROvalues-R-values are installed, the lowest duct R-value shall be
used. If a duct with a higher R value than 4.2 is installed, the R-value shall be clearly stated on the building
plan and a visual inspection of the ducts must be performed to verify the insulation values. In case the space
on top of the duct boot is limited and cannot be inspected, the insulation R-value within two feet of the boot to
which the duct is connected may be excluded from the determination of the overall system R-value.
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Q. =0-50 Ao Eguation-RE4
Q. =-0- Equation-RF4
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ACM RF-2005 RF-7

RF4.8.23 Diagnostic-Duct Leakage

Diagnostic duct leakage measurement is used to quantify total leakage for the calculation of air distribution
efficiency. To obtain the improved duct efficiency for sealing the duct system, a diagnostic leakage test as
described in seehen%%—%—ep%%—Z—ZRH 4.1, RF4. 4 2 or RF4.4.3 must be performed. Houses built-after
el re-dDiagnostic testing may not be done on any
HVAC system that uses bundlng cavmes such as plenums or a platform return.

RF4.48.121 Diagnostic Duct Leakage from Fan Pressurization of Ducts

The total duct leakage shall be determined by pressurizing the ducts to 25 Pascals. The following procedure
shall be used for the fan pressurization tests:

1. Seal all the supply and return registers, except for one return register or the system fan access.
2. Attach the fan flowmeter device to the duct system at the unsealed register or access door.

3. Install a static pressure probe at a supply.
4

Adjust the fan flowmeter to produce a 25 Pascal (0.1 in water) pressure difference between the supply duct
and the outside or the building space with the entry door open to the outside.

5. Record the flow through the flowmeter (Qtal 25) - this is the total duct leakage flow at 25 Pascals.
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When the diagnostic leakage test is performed and the measured total duct leakage is less than 6% of the total
fan flow, the duct leakage factor shall be 0.96 as shown in Table RF3.

RF4.4.28.2.2 Diagnostic Duct Leakage at Rough-in Construction Stage Using An Aerosol Sealant
Closure System

Duct leakage in new construction may be determined by using diagnostic measurements at the rough-in
building construction stage prior to installation of the interior finishing wall when using an aerosol sealant
closure system. When using this measurement technique, additional verification (as described in section
4.3.8.2.2.3) of duct integrity shall be completed after the finishing wall has been installed. In addition, after the
finishing wall is installed, spaces between the register boots and the wallboard shall be sealed. Cloth backed
rubber adhesive duct tapes shall not be used to seal the space between the register boot and the wall board.

The duct leakage measurement at rough-in construction stage shall be performed using a fan pressurization
device. The duct leakage shall be determined by pressurizing both the supply and return ducts to 25 Pa. The
procedures in Sections 4.3.8.2.2.1 and 4.3.8.2.2.2 shall be used for measuring duct leakage before the interior
finishing wall is installed.

4.4.8-2.2.1 For Ducts with the Air Handling Unit Installed and Connected:
For total leakage:

1. Verify that supply and return plenums and all the connectors, transition pieces and duct boots have been
installed. If a platform is used as part of the air distribution system, it must contain a duct, and all return
connectors and transition parts shall be installed and sealed. The platform, duct and connectors shall be
included in the total leakage test.

Seal all the supply duct boots and return boxes except for one return duct box.
Attach the fan flowmeter device at the unsealed duct box.

Insert a static pressure probe at one of the sealed supply duct boots.

o & 0D

Adjust the fan flowmeter to maintain 25 Pa (0.1 in water) between the duct system and outside or the
building space with the entry door open to the outside.

6. Record the air flow through the flowmeter (Qutai 25 ) - This is the total duct leakage at 25 Pa at rough-in
stage.

7. Divide the measured total leakage by the total fan flow calculated from Equation RF4 or RF5.

If the total leakage is less than 6% of the total fan flow, the duct leakage factor shall be 0.96 as shown in Table
RF3.

4.48-2.2.2 For Ducts with Air Handling Unit Not Yet Installed:
For total leakage:

1. Verify that all the connectors, transition pieces and duct boots have been installed. If a platform is used as
part of the air distribution system, it must contain a duct, and all return connectors and transition parts shall
be installed and sealed. The platform, duct and connectors shall be included in the total leakage test.

2. Use a duct connector to connect supply and/or return duct box to the fan flowmeter. Supply and return
leaks may be tested separately. If there is only one return register, the supply and return leaks shall be
tested at the same time.

Seal all the supply duct boots and/or return boxes except for one supply or return duct box.
Attach the fan flowmeter device at the unsealed duct box.

Insert a static pressure probe at one of the sealed supply duct boots.

o o~ w

Adjust the fan flowmeter to maintain 25 Pa (0.1 in water) between the building conditioned space and the
duct system.

7. Record the air flow through the flowmeter (Qioai 25 ) - This is the total duct leakage at 25 Pa.
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8. Divide the measured total leakage by the total fan flow calculated from the maximum fan flow determined in
Section 4.3.7. Equation-RF4-orRE5: If the total leakage is less than 4% of the total fan flow, the total duct
leakage factor shall be 0.96 as shown in Table RF3.

4.48-2.2.3 Post Rough-in Duct Leakage Verification

After installing the interior finishing wall and verifying that one of the above rough-in tests was completed, one
of the following post rough-in verification tests shall be performed to ensure that there is no major leakage in
the duct system.

4.482.2.3.1 Visual Inspection

Remove at least one supply and one return register to verify that the spaces between the register boot and the
interior finishing wall are properly sealed. In addition, if the house rough-in duct leakage test was conducted
without an air handler installed, inspect the connection points between the air handler and the supply and
return plenums to verify that the connection points are properly sealed. All joints shall be inspected to ensure
that no cloth backed rubber adhesive duct tape is used.

4.482.2.3.2 Pressure Pan Test

With register dampers fully open, the house is pressurized to 25 pascals by a blower door, (if two registers are
within 5 feet of each other and are connected to the same duct run, one register shall be sealed off before the
pressure pan test is performed). The pressure difference across each register shall not exceed 1.5 Pa.

4.482.2.3.3 House Pressure Test

The pressure difference between the building conditioned space and a vented attic shall be measured to
determine whether the house pressure is changed appreciably by the operation of the air handler. To perform
this test, the pressure difference (Prouse- Pout) between the building conditioned space and a vented attic (or
outside if impossible to access the attic), shall be measured four times:

1. With the fan off (APq)
2. With the fan on (AP,,)

3. With the fan on and the return grille 80% blocked (APgrg). Block 80% on all return grilles if the house has
two or more returns.

4. With the fan off (APy)

For each of these measurements, the five-second average pressure shall be measured 10 times and these 10
measurements shall be averaged.

For the house to pass this test, the following conditions must be true:
1. AP -(A Poa+APos1)/2 must be between +0.8 Pa and -0.8 Pa and
2. APgg-AP,, must be less than 0.8 Pa.

In addition, the absolute value of (A Py APy ) must be less than 0.25 Pa, or else the test must be repeated.
If the repeated test does not meet the above specified values, visual inspection or the pressure pan test or the
fan pressurization test must be used. If these tests fail, the duct system needs to be properly sealed and re-
verified by a fan pressurization test.

RF4.4.3 Diagnostic Duct Leakage in Existing Buildings

4.4.3.1 Diagnostic Duct Leakage to Outside from Fan Pressurization of Ducts

The total duct leakage to outdoors shall be determined by pressurizing the ducts and the conditioned spaces of
the house to 25 Pa. The following procedure shall be used for the fan pressurization test of leakage to outside:

1. Seal all the supply and return registers except one return register or the fan access door. [gwp 13].

2. Attach the fan flowmeter device to the duct system at the unsealed register or access door.
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Install a static pressure probe at [qwp 14]the supply plenum.

Attach a blower door to an external doorway.

If any ducts are located in_an unconditioned basement, all doors or accesses between the conditioned

space and the basement shall be closed, and at least one operable door or window (if it exists) between
the basement and outside shall be opened during the test.

If the ducts are located in a conditioned basement, any door between the basement and the remaining

conditioned space shall be opened, and any basement doors or windows to outside must be closed during
the test.

Adjust the blower door fan to provide 25 Pa [0.1 inches of water] pressure difference between the

conditioned space and outside.

Adjust the fan/flowmeter to maintain zero pressure (+0.5Pa [+0.002 inches water]) between the ducts and

9.

the conditioned space, and adjust the blower door fan to maintain 25 Pa (£0.5Pa) [0.1 inch water (+0.002
inches water)] between the conditioned space and outside. This step may require several
iterations[gwp 15].

Record the flow through the flowmeter (Q25 [QO0.1]); this is the duct leakage at 25 Pa [0.1 inch water].

4.4.3.2 Smoke-Test Verification of Accessible-Duct Sealing

The objective of the smoke test is to confirm that best efforts have been made to seal all accessible leaks, and

shall be comprised of the following steps:

1.

Injection of either theatrical or smoke-bomb smoke into a fan pressurization device that is maintaining
duct pressure between 25 and 50 Pa relative to the duct surroundings[gwp 16], with all grilles and registers
in the duct system sealed.

Visual inspection of all accessible portions of the duct system during smoke injection.

The system shall pass the test if either of the following conditions are met:

i. No visible smoke exits the accessible portions of the duct system.; or

ii. Smoke only emanates from the HVAC equipment rather than from the ducts.

_ (A s,attic T 0.001)Tattic + As,crawl X Terawl + As,base % Thase

Fambs Equation-RES
' Asout +0.001

T _ Ar,attic Tattic + Ar,crawl X Terawl + Ar,base x Thase Ertiatinn DEA

—ramb;r EquationRE6

A rout
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allreturn duct locations

outside conditioned space
z AiTi
o F + i=duct location
Tdesign -16

T aror = Ar (4.20b)

B =exp Sout Equation-RF7
1.08Q, xR,
-A
B, =exp not Equation RF8
1.08Q, xR,

seasona. $TTS $7TS rr S S
AT AT,
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AF’aMe—FetHFﬂ-dHGt—aFea—m-a’;U&ﬁ_ i i 3
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A, pase=Feturn-duct-area-in-basement -t

A craw-=Feturn-duct area-in-crawispace,
Apgw—Fewm—duet—a#ea—msrde—gaFage—ft
M—su#eee—a#ea—e#a%d&et—eu%s&de—eendmened—spaee—ﬁ
A pase=-Supply-duct-area-in-basement

A cran-=Supply-duct-area-in-crawlspace,ft*

A ar = supply duct area inside garage, ft’
B,=conductionfraction-forreturn

B.= uction fraction § |

T —atticairtemperature =
Trase—retura-ducttemperature-in-basement-F
Terawr - return duct temperature in crawlspace. F
Fyesign—0utdoor-air-designtemperature; &
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Foroune—ground-temperature =

Tgur = temperature of garage air, F

T, = temperature of indoor-air, F
F=return-plenum-air-temperature; F
Tseasonar = Outdoor air seasonal-temperature, F

(1 -aB +a B (1-B,) AT, +a,(1-B,) AT, W
E =1+F AT, AT, Equation-RF14
recov regain L DEseasonal J
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Appendix RG — Application Package for Certification of

Solar Water Heating Energy Performance Calculation
Methods

NOTE: THE CONTENTS OF THIS APPENDIX IS BEING MODIFIED.
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Appendix RH — Not Used
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Appendix Rl — Interior Mass Capacity

RI.1  Scope and Purpose

Interior Mass Capacity (IMC) is a measure of the total thermal mass in a low-rise residential building. IMC is
used to determine if a building qualifies as a high mass building. Credit for thermal mass in the Proposed
Design may only be considered when the Proposed Design qualifies as a high mass building. A high mass
building is one with thermal mass equivalent to having 30 percent of the conditioned slab floor exposed and
15% of the conditioned non-slab floor exposed_two inch thick concrete.

RI.2  Calculating Interior Mass Capacity (IMC)

The IMC for the building is calculated using Equation RI1. The /ateriorMass-Capacity{IMC) for the building is
the sum of the area of each mass material multiplied times its Unit Interior Mass Capacity (UIMC). Table RI-5,
Table RI-6, and Table RI-4 give UIMC values for a number of common thermal mass materials. This method
allows for multiple mass types common in low-rise residential construction.

Equation RI.17 IMC = Z; A, x UIMC
where
IMC = Interior thermal mass of the building
Aj= Surface area of the i material
UIMCj=  Unit Interior Mass Capacity (UIMC) of the i™ material selected from Table RI-5, Table RI-6, or
Table RI-4
N = Number of thermal mass materials in the Proposed Design

RI.3 IMC Threshold for a High Mass Building

In order to qualify as a high mass building, the Proposed Design must have an IMC greater than or equal to
that determined from Equation RI2. the IMC threshold is based on 30% of the conditioned slab area (CSA)
being exposed (UIMC=4.6); 70% of the CSA being covered (UIMC=1.8); and 15% of the conditioned non-slab
floor area as exposed two inch thick concrete (UIMC=2.5).

IMChreshold = 0-3% 4.6 x CSA +0.7x1.8x CSA +0.15x2.5x (CFA — CSA)

Equation R.118
=2.640xCSA +0.375x (CFA - CSA)

Where:
CSA = Conditioned Slab floor Area
CFA = total Conditioned Floor Area
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Table RI-4 — Exterior Wall Mass UIMC Values and Exterior Mass Factors'

Material Surface Condition Mass Thickness Wall U-value Unit Interior Exterior® Mass
(inches) Mass Capacity Factor
Partial Grout Exposed’ 4.00 0.68 0.9 1.1
Masonry* 0.58 1.0 1.0
6.00 0.54 1.3 1.3
0.44 1.5 1.1
8.00 0.49 1.5 1.3
0.38 1.7 1.2
Furred™ 4.00 0.40 0.5 0.9
0.30 0.5 0.7
0.20 0.5 0.5
0.10 0.5 0.3
0.08 0.5 0.2
6.00 0.40 0.9 1.2
0.30 0.6 1.0
0.20 0.5 0.7
0.10 0.5 0.4
0.08 0.5 0.3
8.00 0.30 0.8 1.0
0.20 0.5 0.7
0.10 0.5 0.4
0.08 0.5 0.3
Solid Grout Exposed 4.00 0.79 1.0 1.4
Masonry**® 6.00 0.68 15 19
8.00 0.62 1.8 2.1
Furred" 4.00 0.40 0.5 1.0
0.30 0.5 0.8
0.20 0.5 0.6
0.10 0.5 0.3
0.08 0.5 0.3
6.00 0.40 0.7 1.4
0.30 0.5 1.1
0.20 0.5 0.7
0.10 0.5 0.4
0.08 0.5 0.3
8.00 0.40 0.8 1.5
0.30 0.6 1.2
0.20 0.5 0.8
0.10 0.5 0.4
0.08 0.5 0.3

2005 Residential ACM Manual, February 4, 2003 DRAFT



ACM RI-2005 RI-3

Table RI-5 — Interior Mass UIMC Values: Interior Mass''- Surfaces Exposed on One Side™

Material Surface Condition Mass Thickness (inches) Unit Interior Mass Capacity
Concrete Exposed. 2.00 3.6
Slab-on-Grade and 3.50 4.6
Raised Concrete Floors 6.00 51
Covered’ 2.00 1.6
3.50 1.8
6.00 1.9
Lightweight Exposed 0.75 1.0
Concrete® 1.00 1.4
1.50 2.0
2.00 25
Covered 0.75 0.9
1.00 1.0
1.50 1.2
2.00 14
Solid Wood’ Exposed 1.50 1.2
3.00 1.6
Tile*® Exposed 0.50 0.8
1.00 1.7
1.50 24
2.00 3.0
Masonry“’9 Exposed 1.00 2.0
2.00 2.7
4.00 4.2
Adobe’ Exposed 4.00 3.8
6.00 3.9
8.00 3.9
Framed Wall 0.50" Gypsum na 0.0
0.63" Gypsum na 0.1
1.00" Gypsum na 0.5
0.88" Stucco na 1.1
Masonry Infill” 0.50" Gypsum 3.50 1.3
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Table RI-6 — Interior Mass UIMC Values: Interior Mass'" - Surfaces Exposed on Two Sides”’

Material Surface Condition Mass Thickness (inches) Unit Interior Mass Capacity
Partial Grout Exposed’ 4.00 6.9
Masonry4 6.00 7.4
8.00 74
Solid Grout Exposed 4.00 8.3
Masonry“'6 6.00 9.2
8.00 9.6
Adobe Exposed 4.00 7.6
12.00 7.8
16.00 7.6
Solid Wood/ Exposed 3.00 3.3
Logs 4.00 33
6.00 3.3
8.00 3.3
Framed Wall 0.50" Gypsum na 0.0
0.63" Gypsum na 0.2
1.00" Gypsum na 0.9
0.88" Stucco na 21
Masonry Infill” 0.50" Gypsum 3.50 2.6

Table RI-7: Exterior Wall Mass UIMC Values and Exterior Mass Factors13

Material Surface Condition Mass Thickness Wall U-value Unit Interior Mass Exterior’ Mass
(inches) Capacity Factor
Solid Wood/ Exposed’ 3.00 0.22 0.7 0.5
Logs 4.00 0.17 0.9 0.6
6.00 0.12 1.1 0.6
8.00 0.093 1.2 0.4
10.00 0.075 1.3 0.3
12.00 0.063 1.3 0.3
Wood Cavity Exposed 3.00" 0.11 1.1 0.5
Wwall™ 0.065 1.3 03
0.045 1.4 0.2
Adobe Exposed 8.00 0.35 21 1.5
16.00 0.21 2.8 0.8
24.00 0.15 31 0.5
Masonry Framed Wall 4.00 0.10 na 0.3
Veneer® 0.08 na 0.3
0.06 na 0.2
Adobe Framed Wall 4.00 0.10 na 0.4
Veneer 0.08 na 0.3
0.06 na 0.2
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Rl.4 Table Notes

1.

o M DN

© ©® N o

10.

11.

12.

13.

"Exposed" means that the mass is directly exposed to room air or covered with a
conductive material such as ceramic tile.

"Covered" includes carpet, cabinets, closets or walls.
The indicated thickness includes both the tile and the mortar bed, when applicable.
Masonry includes brick, stone, concrete masonry units, hollow clay tile and other masonry.

The unit interior mass capacity for surfaces exposed on two sides is based on the area of
one side only.

"Solid Grout Masonry" means that all the cells of the masonry units are filled with grout.
The indicated thickness for masonry infill is for the masonry material itself.
Use the Exterior Mass value for calculating Exterior Wall Mass.

Mass located inside exterior walls or ceilings may be considered interior mass (exposed
one side) when it is insulated on the exterior with at least R-11 insulation, or a total
resistance of R-9 including framing effects.

"Furred" means that 0.50-inch gypsum board is placed on the inside of the mass wall
separated from the mass with insulation or an air space.

When mass types are layered, e.g. tile over slab-on-grade or lightweight concrete floor,
only the mass type with the greatest interior mass capacity may be accounted for, based
on the total thickness of both layers.

This wall consists of 3 inches of wood on each side of a cavity. The cavity may be
insulated as indicated by the U-value column.

Values based on properties of materials listed in 1993 ASHRAE Handbook of
Fundamentals.
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Appendix RJ — Not Used

THE DATA IN THIS APPENDIX ARE NO LONGER USED.
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Climate Zone 1 Climate Zone 2
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value Sealing Design Reduction Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.750 0.810 0.779 0.812 0.737 0.674 0.767 0.702
2 Attic 4.2 No No Yes 0.750 0.791 0.779 0.800 0.737 0.696 0.767 0.723
3 Attic 4.2 No Yes No 0.750 0.875 0.779 0.878 0.737 0.728 0.767 0.759
4 Attic 4.2 No Yes Yes 0.750 0.855 0.779 0.864 0.737 0.752 0.767 0.781
5 Attic 4.2 No Yes 25% No 0.773 0.877 0.795 0.879 0.762 0.754 0.783 0.776
6 Attic 4.2 No Yes 25% Yes 0.773 0.862 0.795 0.869 0.762 0.776 0.783 0.797
7 Attic 4.2 Yes No No 0.820 0.866 0.852 0.869 0.811 0.744 0.843 0.775
8 Attic 4.2 Yes No Yes 0.820 0.846 0.852 0.855 0.811 0.760 0.843 0.790
9 Attic 4.2 Yes Yes No 0.820 0.937 0.852 0.939 0.811 0.804 0.843 0.837
10 Attic 4.2 Yes Yes Yes 0.820 0.914 0.852 0.925 0.811 0.822 0.843 0.854
11 Attic 4.2 Yes Yes 25% No 0.846 0.938 0.869 0.941 0.838 0.832 0.861 0.856
12 Attic 4.2 Yes Yes 25% Yes 0.846 0.922 0.869 0.930 0.838 0.848 0.861 0.871
13 Attic 8.0 No No No 0.793 0.813 0.810 0.814 0.783 0.717 0.800 0.734
14 Attic 8.0 No No Yes 0.793 0.802 0.810 0.807 0.783 0.735 0.800 0.751
15 Attic 8.0 No Yes No 0.793 0.879 0.810 0.880 0.783 0.776 0.800 0.793
16 Attic 8.0 No Yes Yes 0.793 0.867 0.810 0.872 0.783 0.795 0.800 0.812
17 Attic 8.0 No Yes 25% No 0.807 0.880 0.819 0.881 0.797 0.790 0.810 0.803
18 Attic 8.0 No Yes 25% Yes 0.807 0.871 0.819 0.875 0.797 0.809 0.810 0.821
19 Attic 8.0 Yes No No 0.868 0.869 0.886 0.871 0.861 0.792 0.880 0.810
20 Attic 8.0 Yes No Yes 0.868 0.858 0.886 0.863 0.861 0.804 0.880 0.821
21 Attic 8.0 Yes Yes No 0.868 0.940 0.886 0.942 0.861 0.857 0.880 0.876
22 Attic 8.0 Yes Yes Yes 0.868 0.927 0.886 0.933 0.861 0.869 0.880 0.888
23 Attic 8.0 Yes Yes 25% No 0.883 0.941 0.896 0.942 0.877 0.873 0.891 0.887
24 Attic 8.0 Yes Yes 25% Yes 0.883 0.932 0.896 0.936 0.877 0.884 0.891 0.897
25 Crawlspace 4.2 No No No 0.755 0.833 0.783 0.828 0.743 0.709 0.772 0.726
26 Crawlspace 4.2 No No Yes 0.755 0.833 0.783 0.828 0.743 0.722 0.772 0.741
27 Crawlspace 4.2 No Yes No 0.755 0.900 0.783 0.895 0.743 0.767 0.772 0.785
28 Crawlspace 4.2 No Yes Yes 0.755 0.900 0.783 0.895 0.743 0.780 0.772 0.801
29 Crawlspace 4.2 No Yes 25% No 0.777 0.896 0.798 0.893 0.766 0.783 0.787 0.796
30 Crawlspace 4.2 No Yes 25% Yes 0.777 0.896 0.798 0.893 0.766 0.797 0.787 0.812
31 Crawlspace 4.2 Yes No No 0.824 0.889 0.855 0.884 0.815 0.781 0.847 0.799
32 Crawlspace 4.2 Yes No Yes 0.824 0.889 0.855 0.884 0.815 0.787 0.847 0.807
33 Crawlspace 4.2 Yes Yes No 0.824 0.962 0.855 0.956 0.815 0.844 0.847 0.864
34 Crawlspace 4.2 Yes Yes Yes 0.824 0.962 0.855 0.956 0.815 0.851 0.847 0.873
35 Crawlspace 4.2 Yes Yes 25% No 0.849 0.958 0.871 0.954 0.841 0.863 0.864 0.877
36 Crawlspace 4.2 Yes Yes 25% Yes 0.849 0.958 0.871 0.954 0.841 0.869 0.864 0.886
37 Crawlspace 8.0 No No No 0.797 0.827 0.813 0.824 0.787 0.739 0.804 0.749
38 Crawlspace 8.0 No No Yes 0.797 0.827 0.813 0.824 0.787 0.751 0.804 0.762
39 Crawlspace 8.0 No Yes No 0.797 0.894 0.813 0.891 0.787 0.798 0.804 0.809
40 Crawlspace 8.0 No Yes Yes 0.797 0.894 0.813 0.891 0.787 0.812 0.804 0.824
41 Crawlspace 8.0 No Yes 25% No 0.810 0.892 0.822 0.889 0.801 0.808 0.813 0.816
42 Crawlspace 8.0 No Yes 25% Yes 0.810 0.892 0.822 0.889 0.801 0.822 0.813 0.831
43 Crawlspace 8.0 Yes No No 0.870 0.883 0.888 0.880 0.864 0.814 0.882 0.825
44 Crawlspace 8.0 Yes No Yes 0.870 0.883 0.888 0.880 0.864 0.819 0.882 0.832
45 Crawlspace 8.0 Yes Yes No 0.870 0.955 0.888 0.952 0.864 0.880 0.882 0.892
46 Crawlspace 8.0 Yes Yes Yes 0.870 0.955 0.888 0.952 0.864 0.886 0.882 0.899
47 Crawlspace 8.0 Yes Yes 25% No 0.885 0.952 0.898 0.950 0.879 0.891 0.893 0.899
48 Crawlspace 8.0 Yes Yes 25% Yes 0.885 0.952 0.898 0.950 0.879 0.897 0.893 0.906
49 DuctsInEx12 4.2 No No No 0.837 0.816 0.837 0.816 0.829 0.761 0.827 0.760
50 DuctsInEx12 4.2 No No Yes 0.837 0.814 0.837 0.815 0.829 0.776 0.827 0.776
51 DuctsInEx12 4.2 No Yes No 0.837 0.882 0.837 0.882 0.829 0.823 0.827 0.821
52 DuctsInEx12 4.2 No Yes Yes 0.837 0.880 0.837 0.881 0.829 0.839 0.827 0.839
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.916 0.873 0.915 0.873 0.912 0.841 0.910 0.838
56 DuctsInEx12 4.2 Yes No Yes 0.916 0.871 0.915 0.872 0.912 0.848 0.910 0.848
57 DuctsInEx12 4.2 Yes Yes No 0.916 0.944 0.915 0.944 0.912 0.909 0.910 0.906
58 DuctsInEx12 4.2 Yes Yes Yes 0.916 0.942 0.915 0.943 0.912 0.917 0.910 0.917
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.843 0.816 0.843 0.816 0.836 0.768 0.835 0.767
62 DuctsInEx12 8.0 No No Yes 0.843 0.815 0.843 0.816 0.836 0.782 0.835 0.782
63 DuctsInEx12 8.0 No Yes No 0.843 0.883 0.843 0.883 0.836 0.830 0.835 0.829
64 DuctsInEx12 8.0 No Yes Yes 0.843 0.881 0.843 0.882 0.836 0.845 0.835 0.845
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.923 0.873 0.923 0.874 0.920 0.848 0.919 0.847
68 DuctsInEx12 8.0 Yes No Yes 0.923 0.872 0.923 0.873 0.920 0.855 0.919 0.854
69 DuctsInEx12 8.0 Yes Yes No 0.923 0.944 0.923 0.944 0.920 0.917 0.919 0.916
70 DuctsInEx12 8.0 Yes Yes Yes 0.923 0.943 0.923 0.944 0.920 0.924 0.919 0.924
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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ACM RJ-2005

RJ-3

Climate Zone 3 Climate Zone 4
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value  Sealing Design _ Reduction _ Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.759 0.730 0.788 0.755 0.753 0.738 0.782 0.763
2 Attic 4.2 No No Yes 0.759 0.740 0.788 0.766 0.753 0.744 0.782 0.769
3 Attic 4.2 No Yes No 0.759 0.789 0.788 0.816 0.753 0.798 0.782 0.824
4 Attic 4.2 No Yes Yes 0.759 0.801 0.788 0.828 0.753 0.804 0.782 0.831
5 Attic 4.2 No Yes 25% No 0.782 0.809 0.803 0.830 0.776 0.817 0.797 0.837
6 Attic 4.2 No Yes 25% Yes 0.782 0.820 0.803 0.841 0.776 0.823 0.797 0.844
7 Attic 4.2 Yes No No 0.827 0.786 0.858 0.813 0.822 0.792 0.854 0.818
8 Attic 4.2 Yes No Yes 0.827 0.792 0.858 0.819 0.822 0.795 0.854 0.822
9 Attic 4.2 Yes Yes No 0.827 0.850 0.858 0.879 0.822 0.856 0.854 0.885
10 Attic 4.2 Yes Yes Yes 0.827 0.856 0.858 0.886 0.822 0.860 0.854 0.888
11 Attic 4.2 Yes Yes 25% No 0.852 0.871 0.875 0.893 0.848 0.877 0.871 0.898
12 Attic 4.2 Yes Yes 25% Yes 0.852 0.877 0.875 0.900 0.848 0.880 0.871 0.902
13 Attic 8.0 No No No 0.801 0.763 0.817 0.778 0.795 0.770 0.812 0.784
14 Attic 8.0 No No Yes 0.801 0.772 0.817 0.787 0.795 0.775 0.812 0.789
15 Attic 8.0 No Yes No 0.801 0.825 0.817 0.841 0.795 0.832 0.812 0.847
16 Attic 8.0 No Yes Yes 0.801 0.835 0.817 0.851 0.795 0.838 0.812 0.853
17 Attic 8.0 No Yes 25% No 0.814 0.837 0.826 0.848 0.809 0.843 0.821 0.855
18 Attic 8.0 No Yes 25% Yes 0.814 0.847 0.826 0.859 0.809 0.849 0.821 0.861
19 Attic 8.0 Yes No No 0.873 0.822 0.891 0.837 0.869 0.826 0.888 0.841
20 Attic 8.0 Yes No Yes 0.873 0.827 0.891 0.843 0.869 0.829 0.888 0.844
21 Attic 8.0 Yes Yes No 0.873 0.888 0.891 0.905 0.869 0.893 0.888 0.909
22 Attic 8.0 Yes Yes Yes 0.873 0.894 0.891 0.911 0.869 0.896 0.888 0.913
23 Attic 8.0 Yes Yes 25% No 0.887 0.901 0.900 0.914 0.884 0.905 0.898 0.917
24 Attic 8.0 Yes Yes 25% Yes 0.887 0.906 0.900 0.919 0.884 0.908 0.898 0.921
25 Crawlspace 4.2 No No No 0.764 0.762 0.792 0.777 0.758 0.770 0.786 0.784
26 Crawlspace 4.2 No No Yes 0.764 0.770 0.792 0.786 0.758 0.774 0.786 0.789
27 Crawlspace 4.2 No Yes No 0.764 0.824 0.792 0.840 0.758 0.832 0.786 0.848
28 Crawlspace 4.2 No Yes Yes 0.764 0.833 0.792 0.850 0.758 0.837 0.786 0.853
29 Crawlspace 4.2 No Yes 25% No 0.786 0.836 0.806 0.848 0.780 0.844 0.801 0.855
30 Crawlspace 4.2 No Yes 25% Yes 0.786 0.845 0.806 0.858 0.780 0.849 0.801 0.861
31 Crawlspace 4.2 Yes No No 0.830 0.819 0.861 0.835 0.826 0.824 0.857 0.840
32 Crawlspace 4.2 Yes No Yes 0.830 0.823 0.861 0.840 0.826 0.827 0.857 0.843
33 Crawlspace 4.2 Yes Yes No 0.830 0.885 0.861 0.903 0.826 0.891 0.857 0.908
34 Crawlspace 4.2 Yes Yes Yes 0.830 0.890 0.861 0.908 0.826 0.894 0.857 0.911
35 Crawlspace 4.2 Yes Yes 25% No 0.855 0.899 0.877 0.911 0.851 0.904 0.873 0.916
36 Crawlspace 4.2 Yes Yes 25% Yes 0.855 0.903 0.877 0.917 0.851 0.906 0.873 0.920
37 Crawlspace 8.0 No No No 0.804 0.782 0.820 0.791 0.799 0.789 0.816 0.797
38 Crawlspace 8.0 No No Yes 0.804 0.790 0.820 0.800 0.799 0.793 0.816 0.802
39 Crawlspace 8.0 No Yes No 0.804 0.846 0.820 0.855 0.799 0.853 0.816 0.862
40 Crawlspace 8.0 No Yes Yes 0.804 0.855 0.820 0.865 0.799 0.857 0.816 0.867
41 Crawlspace 8.0 No Yes 25% No 0.817 0.853 0.829 0.860 0.812 0.859 0.824 0.866
42 Crawlspace 8.0 No Yes 25% Yes 0.817 0.862 0.829 0.869 0.812 0.864 0.824 0.871
43 Crawlspace 8.0 Yes No No 0.875 0.841 0.893 0.850 0.872 0.845 0.890 0.854
44 Crawlspace 8.0 Yes No Yes 0.875 0.845 0.893 0.855 0.872 0.847 0.890 0.856
45 Crawlspace 8.0 Yes Yes No 0.875 0.909 0.893 0.919 0.872 0.914 0.890 0.923
46 Crawlspace 8.0 Yes Yes Yes 0.875 0.913 0.893 0.924 0.872 0.916 0.890 0.926
47 Crawlspace 8.0 Yes Yes 25% No 0.889 0.917 0.902 0.924 0.886 0.921 0.899 0.928
48 Crawlspace 8.0 Yes Yes 25% Yes 0.889 0.921 0.902 0.929 0.886 0.923 0.899 0.931
49 DuctsInEx12 4.2 No No No 0.843 0.799 0.843 0.800 0.839 0.804 0.839 0.806
50 DuctsInEx12 4.2 No No Yes 0.843 0.808 0.843 0.811 0.839 0.809 0.839 0.812
51 DuctsInEx12 4.2 No Yes No 0.843 0.863 0.843 0.865 0.839 0.869 0.839 0.871
52 DuctsInEx12 4.2 No Yes Yes 0.843 0.873 0.843 0.876 0.839 0.875 0.839 0.878
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.920 0.860 0.919 0.862 0.917 0.863 0.917 0.865
56 DuctsInEx12 4.2 Yes No Yes 0.920 0.865 0.919 0.868 0.917 0.866 0.917 0.869
57 DuctsInEx12 4.2 Yes Yes No 0.920 0.930 0.919 0.932 0.917 0.933 0.917 0.935
58 DuctsInEx12 4.2 Yes Yes Yes 0.920 0.935 0.919 0.938 0.917 0.936 0.917 0.939
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.849 0.803 0.849 0.804 0.845 0.808 0.845 0.809
62 DuctsInEx12 8.0 No No Yes 0.849 0.811 0.849 0.813 0.845 0.812 0.845 0.814
63 DuctsInEx12 8.0 No Yes No 0.849 0.868 0.849 0.869 0.845 0.873 0.845 0.874
64 DuctsInEx12 8.0 No Yes Yes 0.849 0.877 0.849 0.879 0.845 0.878 0.845 0.880
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.926 0.865 0.926 0.866 0.924 0.867 0.924 0.868
68 DuctsInEx12 8.0 Yes No Yes 0.926 0.869 0.926 0.870 0.924 0.869 0.924 0.871
69 DuctsInEx12 8.0 Yes Yes No 0.926 0.935 0.926 0.936 0.924 0.937 0.924 0.939
70 DuctsInEx12 8.0 Yes Yes Yes 0.926 0.939 0.926 0.941 0.924 0.940 0.924 0.941
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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ACM RJ-2005

RJ-4

Climate Zone 5 Climate Zone 6
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value  Sealing Design _ Reduction _ Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.740 0.760 0.770 0.779 0.766 0.722 0.794 0.747
2 Attic 4.2 No No Yes 0.740 0.756 0.770 0.777 0.766 0.734 0.794 0.759
3 Attic 4.2 No Yes No 0.740 0.822 0.770 0.843 0.766 0.781 0.794 0.808
4 Attic 4.2 No Yes Yes 0.740 0.817 0.770 0.840 0.766 0.793 0.794 0.821
5 Attic 4.2 No Yes 25% No 0.765 0.837 0.786 0.853 0.788 0.801 0.809 0.822
6 Attic 4.2 No Yes 25% Yes 0.765 0.833 0.786 0.850 0.788 0.814 0.809 0.835
7 Attic 4.2 Yes No No 0.813 0.813 0.845 0.834 0.832 0.780 0.863 0.807
8 Attic 4.2 Yes No Yes 0.813 0.809 0.845 0.831 0.832 0.787 0.863 0.815
9 Attic 4.2 Yes Yes No 0.813 0.879 0.845 0.901 0.832 0.843 0.863 0.873
10 Attic 4.2 Yes Yes Yes 0.813 0.874 0.845 0.898 0.832 0.851 0.863 0.881
11 Attic 4.2 Yes Yes 25% No 0.840 0.895 0.863 0.912 0.856 0.866 0.879 0.888
12 Attic 4.2 Yes Yes 25% Yes 0.840 0.891 0.863 0.909 0.856 0.873 0.879 0.896
13 Attic 8.0 No No No 0.785 0.784 0.803 0.795 0.806 0.757 0.822 0.771
14 Attic 8.0 No No Yes 0.785 0.782 0.803 0.794 0.806 0.767 0.822 0.782
15 Attic 8.0 No Yes No 0.785 0.848 0.803 0.860 0.806 0.818 0.822 0.834
16 Attic 8.0 No Yes Yes 0.785 0.845 0.803 0.858 0.806 0.829 0.822 0.845
17 Attic 8.0 No Yes 25% No 0.799 0.856 0.812 0.866 0.819 0.830 0.831 0.842
18 Attic 8.0 No Yes 25% Yes 0.799 0.854 0.812 0.864 0.819 0.841 0.831 0.853
19 Attic 8.0 Yes No No 0.863 0.839 0.882 0.851 0.876 0.818 0.894 0.834
20 Attic 8.0 Yes No Yes 0.863 0.836 0.882 0.849 0.876 0.823 0.894 0.839
21 Attic 8.0 Yes Yes No 0.863 0.907 0.882 0.920 0.876 0.884 0.894 0.901
22 Attic 8.0 Yes Yes Yes 0.863 0.904 0.882 0.918 0.876 0.890 0.894 0.908
23 Attic 8.0 Yes Yes 25% No 0.878 0.916 0.892 0.926 0.890 0.897 0.903 0.910
24 Attic 8.0 Yes Yes 25% Yes 0.878 0.914 0.892 0.925 0.890 0.903 0.903 0.916
25 Crawlspace 4.2 No No No 0.746 0.790 0.774 0.800 0.770 0.755 0.797 0.770
26 Crawlspace 4.2 No No Yes 0.746 0.790 0.774 0.800 0.770 0.763 0.797 0.780
27 Crawlspace 4.2 No Yes No 0.746 0.854 0.774 0.864 0.770 0.816 0.797 0.832
28 Crawlspace 4.2 No Yes Yes 0.746 0.854 0.774 0.864 0.770 0.825 0.797 0.843
29 Crawlspace 4.2 No Yes 25% No 0.769 0.861 0.790 0.869 0.791 0.828 0.812 0.841
30 Crawlspace 4.2 No Yes 25% Yes 0.769 0.861 0.790 0.869 0.791 0.838 0.812 0.851
31 Crawlspace 4.2 Yes No No 0.817 0.843 0.849 0.854 0.835 0.813 0.865 0.830
32 Crawlspace 4.2 Yes No Yes 0.817 0.843 0.849 0.854 0.835 0.818 0.865 0.835
33 Crawlspace 4.2 Yes Yes No 0.817 0.912 0.849 0.923 0.835 0.879 0.865 0.897
34 Crawlspace 4.2 Yes Yes Yes 0.817 0.912 0.849 0.923 0.835 0.884 0.865 0.903
35 Crawlspace 4.2 Yes Yes 25% No 0.843 0.920 0.866 0.929 0.858 0.893 0.881 0.906
36 Crawlspace 4.2 Yes Yes 25% Yes 0.843 0.920 0.866 0.929 0.858 0.898 0.881 0.912
37 Crawlspace 8.0 No No No 0.789 0.802 0.806 0.808 0.809 0.776 0.825 0.785
38 Crawlspace 8.0 No No Yes 0.789 0.802 0.806 0.808 0.809 0.785 0.825 0.794
39 Crawlspace 8.0 No Yes No 0.789 0.867 0.806 0.873 0.809 0.839 0.825 0.849
40 Crawlspace 8.0 No Yes Yes 0.789 0.867 0.806 0.873 0.809 0.848 0.825 0.859
41 Crawlspace 8.0 No Yes 25% No 0.803 0.872 0.815 0.876 0.822 0.847 0.834 0.853
42 Crawlspace 8.0 No Yes 25% Yes 0.803 0.872 0.815 0.876 0.822 0.856 0.834 0.864
43 Crawlspace 8.0 Yes No No 0.866 0.857 0.884 0.863 0.878 0.837 0.895 0.847
44 Crawlspace 8.0 Yes No Yes 0.866 0.857 0.884 0.863 0.878 0.841 0.895 0.851
45 Crawlspace 8.0 Yes Yes No 0.866 0.926 0.884 0.933 0.878 0.905 0.895 0.915
46 Crawlspace 8.0 Yes Yes Yes 0.866 0.926 0.884 0.933 0.878 0.909 0.895 0.920
47 Crawlspace 8.0 Yes Yes 25% No 0.881 0.931 0.894 0.936 0.892 0.913 0.905 0.921
48 Crawlspace 8.0 Yes Yes 25% Yes 0.881 0.931 0.894 0.936 0.892 0.917 0.905 0.926
49 DuctsInEx12 4.2 No No No 0.831 0.811 0.830 0.813 0.848 0.793 0.848 0.794
50 DuctsInEx12 4.2 No No Yes 0.831 0.810 0.830 0.813 0.848 0.803 0.848 0.805
51 DuctsInEx12 4.2 No Yes No 0.831 0.877 0.830 0.879 0.848 0.858 0.848 0.859
52 DuctsInEx12 4.2 No Yes Yes 0.831 0.876 0.830 0.879 0.848 0.868 0.848 0.871
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.913 0.868 0.911 0.870 0.922 0.857 0.922 0.859
56 DuctsInEx12 4.2 Yes No Yes 0.913 0.867 0.911 0.869 0.922 0.862 0.922 0.865
57 DuctsInEx12 4.2 Yes Yes No 0.913 0.938 0.911 0.940 0.922 0.927 0.922 0.928
58 DuctsInEx12 4.2 Yes Yes Yes 0.913 0.937 0.911 0.940 0.922 0.932 0.922 0.935
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.838 0.813 0.837 0.815 0.853 0.798 0.853 0.798
62 DuctsInEx12 8.0 No No Yes 0.838 0.813 0.837 0.814 0.853 0.807 0.853 0.808
63 DuctsInEx12 8.0 No Yes No 0.838 0.879 0.837 0.881 0.853 0.862 0.853 0.863
64 DuctsInEx12 8.0 No Yes Yes 0.838 0.879 0.837 0.880 0.853 0.872 0.853 0.874
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.920 0.870 0.920 0.872 0.928 0.862 0.928 0.863
68 DuctsInEx12 8.0 Yes No Yes 0.920 0.870 0.920 0.871 0.928 0.867 0.928 0.868
69 DuctsInEx12 8.0 Yes Yes No 0.920 0.941 0.920 0.942 0.928 0.932 0.928 0.933
70 DuctsInEx12 8.0 Yes Yes Yes 0.920 0.941 0.920 0.942 0.928 0.937 0.928 0.938
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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ACM RJ-2005

RJ-5

Climate Zone 7 Climate Zone 8
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value  Sealing Design _ Reduction _ Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.781 0.760 0.809 0.779 0.769 0.752 0.797 0.770
2 Attic 4.2 No No Yes 0.781 0.756 0.809 0.777 0.769 0.761 0.797 0.780
3 Attic 4.2 No Yes No 0.781 0.822 0.809 0.843 0.769 0.813 0.797 0.832
4 Attic 4.2 No Yes Yes 0.781 0.817 0.809 0.840 0.769 0.823 0.797 0.843
5 Attic 4.2 No Yes 25% No 0.802 0.837 0.823 0.853 0.791 0.827 0.811 0.842
6 Attic 4.2 No Yes 25% Yes 0.802 0.833 0.823 0.850 0.791 0.837 0.811 0.853
7 Attic 4.2 Yes No No 0.844 0.813 0.873 0.834 0.834 0.809 0.865 0.829
8 Attic 4.2 Yes No Yes 0.844 0.809 0.873 0.831 0.834 0.815 0.865 0.835
9 Attic 4.2 Yes Yes No 0.844 0.879 0.873 0.901 0.834 0.875 0.865 0.896
10 Attic 4.2 Yes Yes Yes 0.844 0.874 0.873 0.898 0.834 0.881 0.865 0.902
11 Attic 4.2 Yes Yes 25% No 0.866 0.895 0.888 0.912 0.858 0.891 0.881 0.906
12 Attic 4.2 Yes Yes 25% Yes 0.866 0.891 0.888 0.909 0.858 0.896 0.881 0.913
13 Attic 8.0 No No No 0.819 0.784 0.835 0.795 0.808 0.776 0.825 0.786
14 Attic 8.0 No No Yes 0.819 0.782 0.835 0.794 0.808 0.785 0.825 0.795
15 Attic 8.0 No Yes No 0.819 0.848 0.835 0.860 0.808 0.839 0.825 0.850
16 Attic 8.0 No Yes Yes 0.819 0.845 0.835 0.858 0.808 0.848 0.825 0.860
17 Attic 8.0 No Yes 25% No 0.831 0.856 0.843 0.866 0.821 0.847 0.833 0.855
18 Attic 8.0 No Yes 25% Yes 0.831 0.854 0.843 0.864 0.821 0.857 0.833 0.865
19 Attic 8.0 Yes No No 0.884 0.839 0.901 0.851 0.878 0.835 0.895 0.847
20 Attic 8.0 Yes No Yes 0.884 0.836 0.901 0.849 0.878 0.840 0.895 0.851
21 Attic 8.0 Yes Yes No 0.884 0.907 0.901 0.920 0.878 0.903 0.895 0.915
22 Attic 8.0 Yes Yes Yes 0.884 0.904 0.901 0.918 0.878 0.908 0.895 0.920
23 Attic 8.0 Yes Yes 25% No 0.897 0.916 0.910 0.926 0.892 0.912 0.905 0.921
24 Attic 8.0 Yes Yes 25% Yes 0.897 0.914 0.910 0.925 0.892 0.917 0.905 0.926
25 Crawlspace 4.2 No No No 0.784 0.790 0.811 0.800 0.773 0.775 0.800 0.786
26 Crawlspace 4.2 No No Yes 0.784 0.790 0.811 0.800 0.773 0.783 0.800 0.795
27 Crawlspace 4.2 No Yes No 0.784 0.854 0.811 0.864 0.773 0.838 0.800 0.850
28 Crawlspace 4.2 No Yes Yes 0.784 0.854 0.811 0.864 0.773 0.847 0.800 0.860
29 Crawlspace 4.2 No Yes 25% No 0.805 0.861 0.825 0.869 0.794 0.847 0.814 0.856
30 Crawlspace 4.2 No Yes 25% Yes 0.805 0.861 0.825 0.869 0.794 0.856 0.814 0.866
31 Crawlspace 4.2 Yes No No 0.845 0.843 0.875 0.854 0.837 0.833 0.867 0.845
32 Crawlspace 4.2 Yes No Yes 0.845 0.843 0.875 0.854 0.837 0.837 0.867 0.850
33 Crawlspace 4.2 Yes Yes No 0.845 0.912 0.875 0.923 0.837 0.901 0.867 0.913
34 Crawlspace 4.2 Yes Yes Yes 0.845 0.912 0.875 0.923 0.837 0.905 0.867 0.919
35 Crawlspace 4.2 Yes Yes 25% No 0.868 0.920 0.890 0.929 0.860 0.911 0.882 0.920
36 Crawlspace 4.2 Yes Yes 25% Yes 0.868 0.920 0.890 0.929 0.860 0.915 0.882 0.925
37 Crawlspace 8.0 No No No 0.821 0.802 0.837 0.808 0.811 0.790 0.828 0.796
38 Crawlspace 8.0 No No Yes 0.821 0.802 0.837 0.808 0.811 0.798 0.828 0.805
39 Crawlspace 8.0 No Yes No 0.821 0.867 0.837 0.873 0.811 0.854 0.828 0.861
40 Crawlspace 8.0 No Yes Yes 0.821 0.867 0.837 0.873 0.811 0.863 0.828 0.870
41 Crawlspace 8.0 No Yes 25% No 0.833 0.872 0.845 0.876 0.824 0.859 0.836 0.864
42 Crawlspace 8.0 No Yes 25% Yes 0.833 0.872 0.845 0.876 0.824 0.868 0.836 0.874
43 Crawlspace 8.0 Yes No No 0.885 0.857 0.903 0.863 0.879 0.849 0.897 0.856
44 Crawlspace 8.0 Yes No Yes 0.885 0.857 0.903 0.863 0.879 0.853 0.897 0.860
45 Crawlspace 8.0 Yes Yes No 0.885 0.926 0.903 0.933 0.879 0.918 0.897 0.926
46 Crawlspace 8.0 Yes Yes Yes 0.885 0.926 0.903 0.933 0.879 0.922 0.897 0.930
47 Crawlspace 8.0 Yes Yes 25% No 0.899 0.931 0.911 0.936 0.893 0.924 0.906 0.929
48 Crawlspace 8.0 Yes Yes 25% Yes 0.899 0.931 0.911 0.936 0.893 0.928 0.906 0.934
49 DuctsInEx12 4.2 No No No 0.858 0.811 0.859 0.813 0.850 0.801 0.850 0.802
50 DuctsInEx12 4.2 No No Yes 0.858 0.810 0.859 0.813 0.850 0.810 0.850 0.812
51 DuctsInEx12 4.2 No Yes No 0.858 0.877 0.859 0.879 0.850 0.866 0.850 0.868
52 DuctsInEx12 4.2 No Yes Yes 0.858 0.876 0.859 0.879 0.850 0.876 0.850 0.878
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.927 0.868 0.929 0.870 0.923 0.863 0.923 0.864
56 DuctsInEx12 4.2 Yes No Yes 0.927 0.867 0.929 0.869 0.923 0.867 0.923 0.869
57 DuctsInEx12 4.2 Yes Yes No 0.927 0.938 0.929 0.940 0.923 0.933 0.923 0.934
58 DuctsInEx12 4.2 Yes Yes Yes 0.927 0.937 0.929 0.940 0.923 0.938 0.923 0.940
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.863 0.813 0.864 0.815 0.855 0.804 0.855 0.805
62 DuctsInEx12 8.0 No No Yes 0.863 0.813 0.864 0.814 0.855 0.813 0.855 0.814
63 DuctsInEx12 8.0 No Yes No 0.863 0.879 0.864 0.881 0.855 0.869 0.855 0.870
64 DuctsInEx12 8.0 No Yes Yes 0.863 0.879 0.864 0.880 0.855 0.879 0.855 0.880
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.932 0.870 0.933 0.872 0.929 0.866 0.929 0.867
68 DuctsInEx12 8.0 Yes No Yes 0.932 0.870 0.933 0.871 0.929 0.870 0.929 0.871
69 DuctsInEx12 8.0 Yes Yes No 0.932 0.941 0.933 0.942 0.929 0.937 0.929 0.937
70 DuctsInEx12 8.0 Yes Yes Yes 0.932 0.941 0.933 0.942 0.929 0.941 0.929 0.942
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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ACM RJ-2005

RJ-6

Climate Zone 9 Climate Zone 10
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value  Sealing Design _ Reduction _ Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.753 0.702 0.782 0.723 0.753 0.674 0.782 0.696
2 Attic 4.2 No No Yes 0.753 0.722 0.782 0.741 0.753 0.699 0.782 0.719
3 Attic 4.2 No Yes No 0.753 0.759 0.782 0.781 0.753 0.728 0.782 0.752
4 Attic 4.2 No Yes Yes 0.753 0.780 0.782 0.801 0.753 0.756 0.782 0.778
5 Attic 4.2 No Yes 25% No 0.776 0.778 0.797 0.794 0.776 0.749 0.797 0.766
6 Attic 4.2 No Yes 25% Yes 0.776 0.797 0.797 0.813 0.776 0.774 0.797 0.790
7 Attic 4.2 Yes No No 0.822 0.775 0.854 0.798 0.822 0.756 0.854 0.780
8 Attic 4.2 Yes No Yes 0.822 0.789 0.854 0.810 0.822 0.774 0.854 0.796
9 Attic 4.2 Yes Yes No 0.822 0.838 0.854 0.863 0.822 0.817 0.854 0.843
10 Attic 4.2 Yes Yes Yes 0.822 0.852 0.854 0.876 0.822 0.836 0.854 0.861
11 Attic 4.2 Yes Yes 25% No 0.848 0.859 0.871 0.876 0.848 0.841 0.871 0.859
12 Attic 4.2 Yes Yes 25% Yes 0.848 0.871 0.871 0.888 0.848 0.857 0.871 0.874
13 Attic 8.0 No No No 0.795 0.734 0.812 0.746 0.795 0.710 0.812 0.723
14 Attic 8.0 No No Yes 0.795 0.751 0.812 0.762 0.795 0.731 0.812 0.743
15 Attic 8.0 No Yes No 0.795 0.794 0.812 0.806 0.795 0.768 0.812 0.782
16 Attic 8.0 No Yes Yes 0.795 0.811 0.812 0.824 0.795 0.790 0.812 0.803
17 Attic 8.0 No Yes 25% No 0.809 0.804 0.821 0.814 0.809 0.780 0.821 0.790
18 Attic 8.0 No Yes 25% Yes 0.809 0.821 0.821 0.830 0.809 0.801 0.821 0.810
19 Attic 8.0 Yes No No 0.869 0.811 0.888 0.824 0.869 0.797 0.888 0.811
20 Attic 8.0 Yes No Yes 0.869 0.820 0.888 0.833 0.869 0.809 0.888 0.822
21 Attic 8.0 Yes Yes No 0.869 0.876 0.888 0.891 0.869 0.861 0.888 0.876
22 Attic 8.0 Yes Yes Yes 0.869 0.887 0.888 0.900 0.869 0.875 0.888 0.889
23 Attic 8.0 Yes Yes 25% No 0.884 0.888 0.898 0.898 0.884 0.875 0.898 0.885
24 Attic 8.0 Yes Yes 25% Yes 0.884 0.898 0.898 0.908 0.884 0.887 0.898 0.897
25 Crawlspace 4.2 No No No 0.758 0.728 0.786 0.741 0.758 0.701 0.786 0.715
26 Crawlspace 4.2 No No Yes 0.758 0.741 0.786 0.755 0.758 0.717 0.786 0.732
27 Crawlspace 4.2 No Yes No 0.758 0.787 0.786 0.801 0.758 0.758 0.786 0.773
28 Crawlspace 4.2 No Yes Yes 0.758 0.801 0.786 0.816 0.758 0.775 0.786 0.791
29 Crawlspace 4.2 No Yes 25% No 0.780 0.800 0.801 0.809 0.780 0.772 0.801 0.782
30 Crawlspace 4.2 No Yes 25% Yes 0.780 0.814 0.801 0.824 0.780 0.789 0.801 0.801
31 Crawlspace 4.2 Yes No No 0.826 0.802 0.857 0.816 0.826 0.784 0.857 0.799
32 Crawlspace 4.2 Yes No Yes 0.826 0.808 0.857 0.823 0.826 0.791 0.857 0.808
33 Crawlspace 4.2 Yes Yes No 0.826 0.867 0.857 0.882 0.826 0.848 0.857 0.864
34 Crawlspace 4.2 Yes Yes Yes 0.826 0.873 0.857 0.890 0.826 0.855 0.857 0.873
35 Crawlspace 4.2 Yes Yes 25% No 0.851 0.881 0.873 0.891 0.851 0.864 0.873 0.875
36 Crawlspace 4.2 Yes Yes 25% Yes 0.851 0.887 0.873 0.899 0.851 0.872 0.873 0.884
37 Crawlspace 8.0 No No No 0.799 0.750 0.816 0.757 0.799 0.727 0.816 0.735
38 Crawlspace 8.0 No No Yes 0.799 0.762 0.816 0.770 0.799 0.742 0.816 0.751
39 Crawlspace 8.0 No Yes No 0.799 0.811 0.816 0.818 0.799 0.786 0.816 0.794
40 Crawlspace 8.0 No Yes Yes 0.799 0.824 0.816 0.833 0.799 0.802 0.816 0.812
41 Crawlspace 8.0 No Yes 25% No 0.812 0.818 0.824 0.823 0.812 0.794 0.824 0.800
42 Crawlspace 8.0 No Yes 25% Yes 0.812 0.831 0.824 0.838 0.812 0.811 0.824 0.817
43 Crawlspace 8.0 Yes No No 0.872 0.826 0.890 0.834 0.872 0.813 0.890 0.822
44 Crawlspace 8.0 Yes No Yes 0.872 0.832 0.890 0.841 0.872 0.820 0.890 0.829
45 Crawlspace 8.0 Yes Yes No 0.872 0.893 0.890 0.902 0.872 0.879 0.890 0.888
46 Crawlspace 8.0 Yes Yes Yes 0.872 0.899 0.890 0.909 0.872 0.886 0.890 0.897
47 Crawlspace 8.0 Yes Yes 25% No 0.886 0.901 0.899 0.907 0.886 0.888 0.899 0.895
48 Crawlspace 8.0 Yes Yes 25% Yes 0.886 0.907 0.899 0.914 0.886 0.896 0.899 0.903
49 DuctsInEx12 4.2 No No No 0.839 0.766 0.839 0.764 0.839 0.745 0.839 0.743
50 DuctsInEx12 4.2 No No Yes 0.839 0.780 0.839 0.780 0.839 0.763 0.839 0.761
51 DuctsInEx12 4.2 No Yes No 0.839 0.828 0.839 0.826 0.839 0.806 0.839 0.803
52 DuctsInEx12 4.2 No Yes Yes 0.839 0.843 0.839 0.843 0.839 0.825 0.839 0.823
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.917 0.846 0.917 0.844 0.917 0.836 0.917 0.832
56 DuctsInEx12 4.2 Yes No Yes 0.917 0.853 0.917 0.852 0.917 0.844 0.917 0.842
57 DuctsInEx12 4.2 Yes Yes No 0.917 0.914 0.917 0.912 0.917 0.903 0.917 0.900
58 DuctsInEx12 4.2 Yes Yes Yes 0.917 0.922 0.917 0.921 0.917 0.913 0.917 0.911
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.845 0.771 0.845 0.770 0.845 0.751 0.845 0.750
62 DuctsInEx12 8.0 No No Yes 0.845 0.784 0.845 0.784 0.845 0.768 0.845 0.767
63 DuctsInEx12 8.0 No Yes No 0.845 0.833 0.845 0.832 0.845 0.812 0.845 0.811
64 DuctsInEx12 8.0 No Yes Yes 0.845 0.848 0.845 0.847 0.845 0.830 0.845 0.829
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.924 0.851 0.924 0.850 0.924 0.842 0.924 0.841
68 DuctsInEx12 8.0 Yes No Yes 0.924 0.857 0.924 0.857 0.924 0.850 0.924 0.849
69 DuctsInEx12 8.0 Yes Yes No 0.924 0.920 0.924 0.919 0.924 0.911 0.924 0.909
70 DuctsInEx12 8.0 Yes Yes Yes 0.924 0.927 0.924 0.926 0.924 0.919 0.924 0.918
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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ACM RJ-2005

RJ-7

Climate Zone 11 Climate Zone 12
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value  Sealing Design _ Reduction _ Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.737 0.645 0.767 0.669 0.743 0.674 0.773 0.696
2 Attic 4.2 No No Yes 0.737 0.677 0.767 0.698 0.743 0.699 0.773 0.719
3 Attic 4.2 No Yes No 0.737 0.698 0.767 0.723 0.743 0.728 0.773 0.752
4 Attic 4.2 No Yes Yes 0.737 0.731 0.767 0.754 0.743 0.756 0.773 0.778
5 Attic 4.2 No Yes 25% No 0.762 0.721 0.783 0.739 0.767 0.749 0.789 0.766
6 Attic 4.2 No Yes 25% Yes 0.762 0.752 0.783 0.768 0.767 0.774 0.789 0.790
7 Attic 4.2 Yes No No 0.811 0.737 0.843 0.762 0.815 0.756 0.848 0.780
8 Attic 4.2 Yes No Yes 0.811 0.759 0.843 0.782 0.815 0.774 0.848 0.796
9 Attic 4.2 Yes Yes No 0.811 0.796 0.843 0.824 0.815 0.817 0.848 0.843
10 Attic 4.2 Yes Yes Yes 0.811 0.820 0.843 0.846 0.815 0.836 0.848 0.861
11 Attic 4.2 Yes Yes 25% No 0.838 0.822 0.861 0.841 0.842 0.841 0.865 0.859
12 Attic 4.2 Yes Yes 25% Yes 0.838 0.843 0.861 0.860 0.842 0.857 0.865 0.874
13 Attic 8.0 No No No 0.783 0.686 0.800 0.700 0.788 0.710 0.805 0.723
14 Attic 8.0 No No Yes 0.783 0.712 0.800 0.724 0.788 0.731 0.805 0.743
15 Attic 8.0 No Yes No 0.783 0.742 0.800 0.757 0.788 0.768 0.805 0.782
16 Attic 8.0 No Yes Yes 0.783 0.770 0.800 0.783 0.788 0.790 0.805 0.803
17 Attic 8.0 No Yes 25% No 0.797 0.756 0.810 0.766 0.802 0.780 0.814 0.790
18 Attic 8.0 No Yes 25% Yes 0.797 0.781 0.810 0.790 0.802 0.801 0.814 0.810
19 Attic 8.0 Yes No No 0.861 0.783 0.880 0.798 0.864 0.797 0.883 0.811
20 Attic 8.0 Yes No Yes 0.861 0.798 0.880 0.812 0.864 0.809 0.883 0.822
21 Attic 8.0 Yes Yes No 0.861 0.846 0.880 0.862 0.864 0.861 0.883 0.876
22 Attic 8.0 Yes Yes Yes 0.861 0.863 0.880 0.878 0.864 0.875 0.883 0.889
23 Attic 8.0 Yes Yes 25% No 0.877 0.861 0.891 0.872 0.880 0.875 0.893 0.885
24 Attic 8.0 Yes Yes 25% Yes 0.877 0.876 0.891 0.886 0.880 0.887 0.893 0.897
25 Crawlspace 4.2 No No No 0.743 0.674 0.772 0.689 0.749 0.701 0.777 0.715
26 Crawlspace 4.2 No No Yes 0.743 0.692 0.772 0.709 0.749 0.717 0.777 0.732
27 Crawlspace 4.2 No Yes No 0.743 0.729 0.772 0.745 0.749 0.758 0.777 0.773
28 Crawlspace 4.2 No Yes Yes 0.743 0.749 0.772 0.766 0.749 0.775 0.777 0.791
29 Crawlspace 4.2 No Yes 25% No 0.766 0.745 0.787 0.755 0.772 0.772 0.793 0.782
30 Crawlspace 4.2 No Yes 25% Yes 0.766 0.765 0.787 0.777 0.772 0.789 0.793 0.801
31 Crawlspace 4.2 Yes No No 0.815 0.766 0.847 0.783 0.819 0.784 0.851 0.799
32 Crawlspace 4.2 Yes No Yes 0.815 0.775 0.847 0.793 0.819 0.791 0.851 0.808
33 Crawlspace 4.2 Yes Yes No 0.815 0.829 0.847 0.846 0.819 0.848 0.851 0.864
34 Crawlspace 4.2 Yes Yes Yes 0.815 0.838 0.847 0.857 0.819 0.855 0.851 0.873
35 Crawlspace 4.2 Yes Yes 25% No 0.841 0.847 0.864 0.858 0.845 0.864 0.868 0.875
36 Crawlspace 4.2 Yes Yes 25% Yes 0.841 0.856 0.864 0.870 0.845 0.872 0.868 0.884
37 Crawlspace 8.0 No No No 0.787 0.704 0.804 0.712 0.792 0.727 0.808 0.735
38 Crawlspace 8.0 No No Yes 0.787 0.722 0.804 0.731 0.792 0.742 0.808 0.751
39 Crawlspace 8.0 No Yes No 0.787 0.761 0.804 0.770 0.792 0.786 0.808 0.794
40 Crawlspace 8.0 No Yes Yes 0.787 0.780 0.804 0.791 0.792 0.802 0.808 0.812
41 Crawlspace 8.0 No Yes 25% No 0.801 0.770 0.813 0.776 0.805 0.794 0.817 0.800
42 Crawlspace 8.0 No Yes 25% Yes 0.801 0.790 0.813 0.797 0.805 0.811 0.817 0.817
43 Crawlspace 8.0 Yes No No 0.864 0.800 0.882 0.809 0.867 0.813 0.885 0.822
44 Crawlspace 8.0 Yes No Yes 0.864 0.808 0.882 0.818 0.867 0.820 0.885 0.829
45 Crawlspace 8.0 Yes Yes No 0.864 0.865 0.882 0.875 0.867 0.879 0.885 0.888
46 Crawlspace 8.0 Yes Yes Yes 0.864 0.873 0.882 0.885 0.867 0.886 0.885 0.897
47 Crawlspace 8.0 Yes Yes 25% No 0.879 0.876 0.893 0.882 0.882 0.888 0.895 0.895
48 Crawlspace 8.0 Yes Yes 25% Yes 0.879 0.884 0.893 0.892 0.882 0.896 0.895 0.903
49 DuctsInEx12 4.2 No No No 0.829 0.725 0.827 0.721 0.833 0.745 0.832 0.743
50 DuctsInEx12 4.2 No No Yes 0.829 0.746 0.827 0.743 0.833 0.763 0.832 0.761
51 DuctsInEx12 4.2 No Yes No 0.829 0.784 0.827 0.779 0.833 0.806 0.832 0.803
52 DuctsInEx12 4.2 No Yes Yes 0.829 0.806 0.827 0.803 0.833 0.825 0.832 0.823
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.912 0.826 0.910 0.821 0.914 0.836 0.913 0.832
56 DuctsInEx12 4.2 Yes No Yes 0.912 0.836 0.910 0.833 0.914 0.844 0.913 0.842
57 DuctsInEx12 4.2 Yes Yes No 0.912 0.892 0.910 0.887 0.914 0.903 0.913 0.900
58 DuctsInEx12 4.2 Yes Yes Yes 0.912 0.904 0.910 0.900 0.914 0.913 0.913 0.911
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.836 0.732 0.835 0.730 0.840 0.751 0.839 0.750
62 DuctsInEx12 8.0 No No Yes 0.836 0.751 0.835 0.750 0.840 0.768 0.839 0.767
63 DuctsInEx12 8.0 No Yes No 0.836 0.791 0.835 0.789 0.840 0.812 0.839 0.811
64 DuctsInEx12 8.0 No Yes Yes 0.836 0.812 0.835 0.811 0.840 0.830 0.839 0.829
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.920 0.834 0.919 0.831 0.921 0.842 0.921 0.841
68 DuctsInEx12 8.0 Yes No Yes 0.920 0.843 0.919 0.841 0.921 0.850 0.921 0.849
69 DuctsInEx12 8.0 Yes Yes No 0.920 0.901 0.919 0.898 0.921 0.911 0.921 0.909
70 DuctsInEx12 8.0 Yes Yes Yes 0.920 0.911 0.919 0.909 0.921 0.919 0.921 0.918
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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ACM RJ-2005

RJ-8

Climate Zone 13 Climate Zone 14
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value  Sealing Design _ Reduction _ Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.737 0.667 0.767 0.689 0.709 0.617 0.740 0.642
2 Attic 4.2 No No Yes 0.737 0.694 0.767 0.714 0.709 0.654 0.740 0.676
3 Attic 4.2 No Yes No 0.737 0.721 0.767 0.745 0.709 0.667 0.740 0.694
4 Attic 4.2 No Yes Yes 0.737 0.750 0.767 0.772 0.709 0.707 0.740 0.731
5 Attic 4.2 No Yes 25% No 0.762 0.742 0.783 0.759 0.736 0.693 0.758 0.711
6 Attic 4.2 No Yes 25% Yes 0.762 0.769 0.783 0.785 0.736 0.729 0.758 0.745
7 Attic 4.2 Yes No No 0.811 0.751 0.843 0.776 0.789 0.717 0.824 0.745
8 Attic 4.2 Yes No Yes 0.811 0.770 0.843 0.793 0.789 0.744 0.824 0.768
9 Attic 4.2 Yes Yes No 0.811 0.812 0.843 0.839 0.789 0.775 0.824 0.805
10 Attic 4.2 Yes Yes Yes 0.811 0.833 0.843 0.857 0.789 0.804 0.824 0.830
11 Attic 4.2 Yes Yes 25% No 0.838 0.836 0.861 0.854 0.820 0.804 0.844 0.824
12 Attic 4.2 Yes Yes 25% Yes 0.838 0.854 0.861 0.871 0.820 0.829 0.844 0.847
13 Attic 8.0 No No No 0.783 0.704 0.800 0.717 0.759 0.663 0.778 0.677
14 Attic 8.0 No No Yes 0.783 0.727 0.800 0.738 0.759 0.692 0.778 0.705
15 Attic 8.0 No Yes No 0.783 0.761 0.800 0.775 0.759 0.716 0.778 0.732
16 Attic 8.0 No Yes Yes 0.783 0.785 0.800 0.798 0.759 0.749 0.778 0.762
17 Attic 8.0 No Yes 25% No 0.797 0.774 0.810 0.784 0.775 0.731 0.789 0.742
18 Attic 8.0 No Yes 25% Yes 0.797 0.797 0.810 0.806 0.775 0.761 0.789 0.771
19 Attic 8.0 Yes No No 0.861 0.793 0.880 0.807 0.846 0.768 0.866 0.784
20 Attic 8.0 Yes No Yes 0.861 0.807 0.880 0.820 0.846 0.787 0.866 0.801
21 Attic 8.0 Yes Yes No 0.861 0.857 0.880 0.873 0.846 0.831 0.866 0.848
22 Attic 8.0 Yes Yes Yes 0.861 0.872 0.880 0.886 0.846 0.851 0.866 0.866
23 Attic 8.0 Yes Yes 25% No 0.877 0.871 0.891 0.882 0.864 0.848 0.878 0.859
24 Attic 8.0 Yes Yes 25% Yes 0.877 0.884 0.891 0.894 0.864 0.865 0.878 0.876
25 Crawlspace 4.2 No No No 0.743 0.695 0.772 0.708 0.716 0.647 0.746 0.663
26 Crawlspace 4.2 No No Yes 0.743 0.711 0.772 0.726 0.716 0.668 0.746 0.686
27 Crawlspace 4.2 No Yes No 0.743 0.751 0.772 0.766 0.716 0.700 0.746 0.717
28 Crawlspace 4.2 No Yes Yes 0.743 0.769 0.772 0.785 0.716 0.722 0.746 0.742
29 Crawlspace 4.2 No Yes 25% No 0.766 0.766 0.787 0.776 0.742 0.718 0.763 0.729
30 Crawlspace 4.2 No Yes 25% Yes 0.766 0.784 0.787 0.795 0.742 0.741 0.763 0.754
31 Crawlspace 4.2 Yes No No 0.815 0.780 0.847 0.795 0.796 0.748 0.829 0.766
32 Crawlspace 4.2 Yes No Yes 0.815 0.787 0.847 0.804 0.796 0.758 0.829 0.778
33 Crawlspace 4.2 Yes Yes No 0.815 0.843 0.847 0.860 0.796 0.809 0.829 0.828
34 Crawlspace 4.2 Yes Yes Yes 0.815 0.851 0.847 0.870 0.796 0.819 0.829 0.841
35 Crawlspace 4.2 Yes Yes 25% No 0.841 0.860 0.864 0.871 0.825 0.830 0.848 0.842
36 Crawlspace 4.2 Yes Yes 25% Yes 0.841 0.868 0.864 0.881 0.825 0.840 0.848 0.855
37 Crawlspace 8.0 No No No 0.787 0.721 0.804 0.729 0.765 0.681 0.782 0.690
38 Crawlspace 8.0 No No Yes 0.787 0.737 0.804 0.746 0.765 0.701 0.782 0.712
39 Crawlspace 8.0 No Yes No 0.787 0.780 0.804 0.788 0.765 0.736 0.782 0.746
40 Crawlspace 8.0 No Yes Yes 0.787 0.797 0.804 0.807 0.765 0.758 0.782 0.769
41 Crawlspace 8.0 No Yes 25% No 0.801 0.788 0.813 0.794 0.780 0.747 0.792 0.753
42 Crawlspace 8.0 No Yes 25% Yes 0.801 0.806 0.813 0.813 0.780 0.769 0.792 0.777
43 Crawlspace 8.0 Yes No No 0.864 0.810 0.882 0.819 0.850 0.787 0.870 0.797
44 Crawlspace 8.0 Yes No Yes 0.864 0.817 0.882 0.827 0.850 0.796 0.870 0.807
45 Crawlspace 8.0 Yes Yes No 0.864 0.876 0.882 0.885 0.850 0.850 0.870 0.861
46 Crawlspace 8.0 Yes Yes Yes 0.864 0.883 0.882 0.894 0.850 0.860 0.870 0.872
47 Crawlspace 8.0 Yes Yes 25% No 0.879 0.885 0.893 0.891 0.867 0.863 0.881 0.869
48 Crawlspace 8.0 Yes Yes 25% Yes 0.879 0.893 0.893 0.900 0.867 0.872 0.881 0.880
49 DuctsInEx12 4.2 No No No 0.829 0.740 0.827 0.737 0.810 0.705 0.807 0.699
50 DuctsInEx12 4.2 No No Yes 0.829 0.759 0.827 0.757 0.810 0.728 0.807 0.725
51 DuctsInEx12 4.2 No Yes No 0.829 0.800 0.827 0.797 0.810 0.762 0.807 0.756
52 DuctsInEx12 4.2 No Yes Yes 0.829 0.820 0.827 0.818 0.810 0.787 0.807 0.783
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.912 0.833 0.910 0.829 0.902 0.815 0.898 0.809
56 DuctsInEx12 4.2 Yes No Yes 0.912 0.842 0.910 0.840 0.902 0.827 0.898 0.823
57 DuctsInEx12 4.2 Yes Yes No 0.912 0.901 0.910 0.897 0.902 0.882 0.898 0.875
58 DuctsInEx12 4.2 Yes Yes Yes 0.912 0.911 0.910 0.908 0.902 0.895 0.898 0.889
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.836 0.746 0.835 0.745 0.818 0.713 0.816 0.710
62 DuctsInEx12 8.0 No No Yes 0.836 0.764 0.835 0.763 0.818 0.735 0.816 0.733
63 DuctsInEx12 8.0 No Yes No 0.836 0.807 0.835 0.805 0.818 0.771 0.816 0.767
64 DuctsInEx12 8.0 No Yes Yes 0.836 0.826 0.835 0.825 0.818 0.795 0.816 0.792
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.920 0.840 0.919 0.838 0.911 0.825 0.909 0.821
68 DuctsInEx12 8.0 Yes No Yes 0.920 0.848 0.919 0.847 0.911 0.835 0.909 0.833
69 DuctsInEx12 8.0 Yes Yes No 0.920 0.908 0.919 0.906 0.911 0.892 0.909 0.888
70 DuctsInEx12 8.0 Yes Yes Yes 0.920 0.917 0.919 0.916 0.911 0.903 0.909 0.900
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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RJ-9

Climate Zone 15 Climate Zone 16
Duct Duct Duct Duct Area Radiant One Story Two Story One Story Two Story
Case Location R-value  Sealing Design _ Reduction _ Barrier | Heating Cooling | Heating Cooling | Heating Cooling | Heating Cooling

1 Attic 4.2 No No No 0.743 0.596 0.773 0.622 0.686 0.730 0.719 0.755
2 Attic 4.2 No No Yes 0.743 0.637 0.773 0.660 0.686 0.740 0.719 0.766
3 Attic 4.2 No Yes No 0.743 0.644 0.773 0.672 0.686 0.789 0.719 0.816
4 Attic 4.2 No Yes Yes 0.743 0.689 0.773 0.713 0.686 0.801 0.719 0.828
5 Attic 4.2 No Yes 25% No 0.767 0.672 0.789 0.690 0.716 0.809 0.739 0.830
6 Attic 4.2 No Yes 25% Yes 0.767 0.712 0.789 0.728 0.716 0.820 0.739 0.841
7 Attic 4.2 Yes No No 0.815 0.703 0.848 0.731 0.773 0.786 0.809 0.813
8 Attic 4.2 Yes No Yes 0.815 0.733 0.848 0.758 0.773 0.792 0.809 0.819
9 Attic 4.2 Yes Yes No 0.815 0.760 0.848 0.791 0.773 0.850 0.809 0.879
10 Attic 4.2 Yes Yes Yes 0.815 0.793 0.848 0.819 0.773 0.856 0.809 0.886
11 Attic 4.2 Yes Yes 25% No 0.842 0.791 0.865 0.811 0.805 0.871 0.831 0.893
12 Attic 4.2 Yes Yes 25% Yes 0.842 0.818 0.865 0.836 0.805 0.877 0.831 0.900
13 Attic 8.0 No No No 0.788 0.645 0.805 0.660 0.742 0.763 0.761 0.778
14 Attic 8.0 No No Yes 0.788 0.678 0.805 0.691 0.742 0.772 0.761 0.787
15 Attic 8.0 No Yes No 0.788 0.697 0.805 0.713 0.742 0.825 0.761 0.841
16 Attic 8.0 No Yes Yes 0.788 0.733 0.805 0.747 0.742 0.835 0.761 0.851
17 Attic 8.0 No Yes 25% No 0.802 0.713 0.814 0.724 0.759 0.837 0.772 0.848
18 Attic 8.0 No Yes 25% Yes 0.802 0.746 0.814 0.756 0.759 0.847 0.772 0.859
19 Attic 8.0 Yes No No 0.864 0.758 0.883 0.775 0.835 0.822 0.856 0.837
20 Attic 8.0 Yes No Yes 0.864 0.779 0.883 0.794 0.835 0.827 0.856 0.843
21 Attic 8.0 Yes Yes No 0.864 0.819 0.883 0.837 0.835 0.888 0.856 0.905
22 Attic 8.0 Yes Yes Yes 0.864 0.842 0.883 0.858 0.835 0.894 0.856 0.911
23 Attic 8.0 Yes Yes 25% No 0.880 0.837 0.893 0.849 0.854 0.901 0.868 0.914
24 Attic 8.0 Yes Yes 25% Yes 0.880 0.857 0.893 0.868 0.854 0.906 0.868 0.919
25 Crawlspace 4.2 No No No 0.749 0.627 0.777 0.644 0.695 0.762 0.726 0.777
26 Crawlspace 4.2 No No Yes 0.749 0.650 0.777 0.669 0.695 0.770 0.726 0.786
27 Crawlspace 4.2 No Yes No 0.749 0.678 0.777 0.696 0.695 0.824 0.726 0.840
28 Crawlspace 4.2 No Yes Yes 0.749 0.703 0.777 0.723 0.695 0.833 0.726 0.850
29 Crawlspace 4.2 No Yes 25% No 0.772 0.698 0.793 0.709 0.723 0.836 0.744 0.848
30 Crawlspace 4.2 No Yes 25% Yes 0.772 0.723 0.793 0.737 0.723 0.845 0.744 0.858
31 Crawlspace 4.2 Yes No No 0.819 0.735 0.851 0.753 0.780 0.819 0.815 0.835
32 Crawlspace 4.2 Yes No Yes 0.819 0.746 0.851 0.767 0.780 0.823 0.815 0.840
33 Crawlspace 4.2 Yes Yes No 0.819 0.795 0.851 0.815 0.780 0.885 0.815 0.903
34 Crawlspace 4.2 Yes Yes Yes 0.819 0.806 0.851 0.829 0.780 0.890 0.815 0.908
35 Crawlspace 4.2 Yes Yes 25% No 0.845 0.817 0.868 0.829 0.811 0.899 0.835 0.911
36 Crawlspace 4.2 Yes Yes 25% Yes 0.845 0.829 0.868 0.844 0.811 0.903 0.835 0.917
37 Crawlspace 8.0 No No No 0.792 0.664 0.808 0.673 0.747 0.782 0.766 0.791
38 Crawlspace 8.0 No No Yes 0.792 0.686 0.808 0.697 0.747 0.790 0.766 0.800
39 Crawlspace 8.0 No Yes No 0.792 0.717 0.808 0.728 0.747 0.846 0.766 0.855
40 Crawlspace 8.0 No Yes Yes 0.792 0.742 0.808 0.754 0.747 0.855 0.766 0.865
41 Crawlspace 8.0 No Yes 25% No 0.805 0.729 0.817 0.735 0.764 0.853 0.776 0.860
42 Crawlspace 8.0 No Yes 25% Yes 0.805 0.754 0.817 0.762 0.764 0.862 0.776 0.869
43 Crawlspace 8.0 Yes No No 0.867 0.777 0.885 0.787 0.839 0.841 0.859 0.850
44 Crawlspace 8.0 Yes No Yes 0.867 0.787 0.885 0.799 0.839 0.845 0.859 0.855
45 Crawlspace 8.0 Yes Yes No 0.867 0.840 0.885 0.851 0.839 0.909 0.859 0.919
46 Crawlspace 8.0 Yes Yes Yes 0.867 0.851 0.885 0.864 0.839 0.913 0.859 0.924
47 Crawlspace 8.0 Yes Yes 25% No 0.882 0.853 0.895 0.860 0.858 0.917 0.871 0.924
48 Crawlspace 8.0 Yes Yes 25% Yes 0.882 0.864 0.895 0.872 0.858 0.921 0.871 0.929
49 DuctsInEx12 4.2 No No No 0.833 0.689 0.832 0.683 0.795 0.799 0.791 0.800
50 DuctsInEx12 4.2 No No Yes 0.833 0.716 0.832 0.711 0.795 0.808 0.791 0.811
51 DuctsInEx12 4.2 No Yes No 0.833 0.745 0.832 0.738 0.795 0.863 0.791 0.865
52 DuctsInEx12 4.2 No Yes Yes 0.833 0.774 0.832 0.769 0.795 0.873 0.791 0.876
53 DuctsInEx12 4.2 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

54 DuctsInEx12 4.2 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

55 DuctsInEx12 4.2 Yes No No 0.914 0.808 0.913 0.800 0.894 0.860 0.889 0.862
56 DuctsInEx12 4.2 Yes No Yes 0.914 0.821 0.913 0.816 0.894 0.865 0.889 0.868
57 DuctsInEx12 4.2 Yes Yes No 0.914 0.873 0.913 0.865 0.894 0.930 0.889 0.932
58 DuctsInEx12 4.2 Yes Yes Yes 0.914 0.888 0.913 0.882 0.894 0.935 0.889 0.938
59 DuctsInEx12 4.2 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

60 DuctsInEx12 4.2 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

61 DuctsInEx12 8.0 No No No 0.840 0.698 0.839 0.695 0.804 0.803 0.802 0.804
62 DuctsInEx12 8.0 No No Yes 0.840 0.723 0.839 0.720 0.804 0.811 0.802 0.813
63 DuctsInEx12 8.0 No Yes No 0.840 0.755 0.839 0.751 0.804 0.868 0.802 0.869
64 DuctsInEx12 8.0 No Yes Yes 0.840 0.782 0.839 0.779 0.804 0.877 0.802 0.879
65 DuctsInEx12 8.0 No Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

66 DuctsInEx12 8.0 No Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a

67 DuctsInEx12 8.0 Yes No No 0.921 0.818 0.921 0.814 0.905 0.865 0.902 0.866
68 DuctsInEx12 8.0 Yes No Yes 0.921 0.830 0.921 0.827 0.905 0.869 0.902 0.870
69 DuctsInEx12 8.0 Yes Yes No 0.921 0.885 0.921 0.880 0.905 0.935 0.902 0.936
70 DuctsInEx12 8.0 Yes Yes Yes 0.921 0.897 0.921 0.894 0.905 0.939 0.902 0.941
71 DuctsInEx12 8.0 Yes Yes 25% No n/a n/a n/a n/a n/a n/a n/a n/a

72 DuctsInEx12 8.0 Yes Yes 25% Yes n/a n/a n/a n/a n/a n/a n/a n/a
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Appendix RK - Procedures for Determining Required
Refrigerant Charge and-Adeqguate-Airflow-for Split

System Space Cooling Systems without Thermostatic
Expansion Valves

RK1 Purpose and ScopeOverview

of thls thlsrappeadnedeseﬂbesprocedures is to verlfy that afepdetermmmg#are&dentlal split system space
cooling systems and heat pumps have -has-the required refrigerant charge andradequateawﬂewaeressthe
evaporatercoil. The applicability-of-these-procedures-have-thefellowing-limitations:

this-appendix-only apply to ducted split system central air conditioners and ducted split system central heat

pumps that do not have thermostatlc expanS|on valves (TXVs) Asran—a#ernamte—telel:reupreeederesdeta#ed—m

testlng—The procedures detaﬂed—m—ﬂmsappen@*do not apply to smg#epackaged systems For dweII|nq unlts

with multiple split systems or heat pumps, the procedure must be applied to each system separately.

Neote-that-tThe procedures detailed in thisappendix-ACM RK are intended to be used after the HVAC installer
has mstalled and charged the air condltloner or heat pump system in accordance with the manuiaeturer—s

Mth%hemanufacturers mstructlons and specrflcatlons for the specific model equipment mstalled The mstaller
shall certify to the builder, building official and HERS rater that they-have-it has followed these-manufacturer’s
instruction and specifications prior to proceeding with the procedures in this appendix.

Fhis-appendixCM RK defines two procedures, the Standard Charge and-Airflow-Measurement Pprocedure
rocedure in Section RK2 and the Alternate Charge and-Airflow-Measurement Pprocedure in Section RK3. The
Standard procedure shall be used when the outdoor air temperature is 55°F or above and shall always be used
for HERS rater verification. HVAC installers who must complete system installation when the outdoor
temperature is below 55°F shall use the Alternate procedure.

The following sections document the instrumentation needed, the required instrumentation calibration, the
measurement procedure, and the calculations required for each procedure. Note: Wherever thermocouples
appear in this document, thermisters can be used instead with the same requirements applying to thermisters
as to thermocouples.

The reference method algorithms adjust (improve) the efficiency of split system air conditioners and heat
pumps when they are diagnostically tested to have the correct refrigerant charge or when field verification
indicates that a TXV has been installed. Table RF1 summarizes the algorithms that are affected by refrigerant
charge testing or field verification of a TXV.

Table RK8 — Summary of Diagnostic Measurements

Variables and Proposed Design
Input to the Equation o _
Algorithms Reference Description Standard Design Value Default Value Procedure
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Cooling Frxy Frxvis takes on a value of Split systems are assumed  No refrigerant charge RK.2 or RK3
System — 0.96 when the system has to have refrigerant charge testing or TXV.

Refrigerant (Eq. 4-42 been diagnostically tested testing or a TXV, when

Charge and 4-43) for the correct refrigerant required by Package D.

charge. Otherwise, Frxy
has a value of 0.90.

Note that a prerequisite for diagnostically testing the refrigerant charge is to verify that there is adequate airflow
over the evaporator coil. This diagnostic test is described in ACM RL.

RK2 Standard Charge and-Airflow-Measurement Procedure

This section specifies the Standard charge and-airflow-measurement procedure. Under this procedure,
required refrigerant charge is calculated using the Superheat Charging Method. ard-The method also checks
adeguate-airflow across the evaporator coil is-{o determine whether the charge test is valid ealeutated-using the
Temperature Split Method or the air flow measurement methods in Appendix X.

The Standard procedure detailed in this section shall be completed when the outdoor temperature is 55°F or
higher after the HVAC installer has installed and charged the system in accordance with the manufacturer’s
specifications. If the outdoor temperature is between 55°F and 65°F the return dry bulb temperature shall be
maintained above 70°F during the test. All HERS rater verifications are required to use this Standard
procedure.

RK2.1 Minimum Qualifications for this Procedure

Persons carrying out this procedure need to be qualified to perform the following:

e Obtain accurate pressure/temperature readings from refrigeration manifold gauges.
e Obtain accurate temperature readings from thermometer and thermocouple set up.

e Check calibration of refrigerant gauges using a known reference pressure and thermometer/thermocouple
set up using a known reference temperature.

o Determine best location for temperature measurements in ducting system and on refrigerant line set.
e Calculate the measured superheat and temperature spilit.

o Determine the correct level of superheat and temperature split required, based on the conditions present at
the time of the test.

e Determine if measured values are reasonable.

RK2.2 Instrumentation Specifications
Instrumentation for the procedures described in this section shall conform to the following specifications:
RK2.2.1 Digital Thermometer

Digital thermometer must have thermocouple compatibility (type K and J) and Celsius or Fahrenheit readout
with:

o Accuracy: £(0.1% of reading + 1.3° F).
e Resolution: 0.2° F.
RK2.2.2 Thermocouples

Measurements require five (5) heavy duty beaded low-mass wire thermocouples and one (1) cotton wick for
measuring wet-bulb temperatures.
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RK2.2.3 Refrigerant Manifold Gauge Set

A standard multiport refrigerant manifold gauge with an accuracy of plus or minus 3% shall be used.

RK2.3 Calibration

The accuracy of instrumentation shall be maintained using the following procedures. A sticker with the
calibration check date shall be affixed to each instrument calibrated.

RK2.3.1 Thermometer/Thermocouple Field Calibration Procedure

Thermometers/thermocouples shall be calibrated monthly to ensure that they are reading accurate
temperatures. The following procedure shall be used to check thermometer/thermocouple calibration:

1. Fill an insulated cup (foam) with crushed ice. The ice shall completely fill the cup. Add water to fill the cup.
2. Insert two thermocouples into the center of the ice bath and attach them to the digital thermometer.

3. Let the temperatures stabilize. The temperatures shall be 32°F (+/- 1°F). If the temperature is off by more
than 1°F make corrections according to the manufacturer’s instructions. Any thermocouples that are off by
more than 3°F shall be replaced.

4. Switch the thermocouples and ensure that the temperatures read on T1 and T2 are still within +/- 1°F of
32°F.

5. Affix sticker with calibration check date onto thermocouple.
6. Repeat the process for all thermocouples.
RK2.3.2 Refrigerant Gauge Field Check Procedure

Refrigerant gauges shall be checked monthly to ensure that the gauges are reading the correct pressures and
corresponding temperatures. The following procedure shall be used to check gauge calibration:

1. Place a refrigerant cylinder in a stable environment and let it sit for 4 hours minimum to stabilize to the
ambient conditions.

2. Attach a thermocouple to the refrigerant cylinder using duct tape so that there is good contact between the
cylinder and the thermocouple.

3. Insulate the thermocouple connection to the cylinder (closed cell pipe insulation can be taped over the end
of the thermocouple to provide the insulation).

Zero the low side compound gauge with all ports open to atmospheric pressure (no hoses attached).
Re-install the hose and attach the low side gauge to the refrigerant cylinder.

Read the temperature of the thermocouple.

R

Using a pressure/temperature chart for the refrigerant, look up the pressure that corresponds to the
temperature measured.

8. If gauge does not read the correct pressure corresponding to the temperature, the gauge is out of
calibration and needs to be replaced or returned to the manufacturer for calibration.

9. Repeat the process in steps 4 through 8 for the high side gauge.

10. Affix sticker with calibration check date onto refrigerant gauge.

RK2.4 Charge and-Airflow-Measurements

The following procedure shall be used to obtain measurements necessary to adjust required refrigerant charge

and-adequate-airflow-as described in the following sections:

Step1. If the condensor air entering temperature is less than 65°F, Eestablish a return air dry bulb
temperature sufficiently high that the return air dry bulb temperature will be not less than 70°F prior to the
measurements at the end of the 15 minute period in step 2.
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2. Turn the cooling system on and let it run for 15 minutes to stabilize temperatures and pressures before
taking any measurements. While the system is stabilizing, proceed with setting up the temperature
measurements.

Connect the refrigerant gauge manifold to the suction line service valve.

Attach a thermocouple to the suction line near the suction line service valve. Be sure the sensor is in direct
contact with the line and is well insulated from air temperature.

5. Attach a thermocouple to measure the condenser (entering) air dry-bulb temperature. The sensor shall be
placed so that it records the average condenser air entering temperature and is shaded from direct sun.

6. Be sure that all cabinet panels that affect airflow are in place before making measurements. The
thermocouple sensors shall remain attached to the system until the final charge is determined.

7. Place wet-bulb thermocouple in water to ensure it is saturated when needed. Do not get the dry-bulb
thermocouples wet.

8. Insert the dry-bulb thermocouple in the supply plenum at the center of the airflow.

9. At 12 minutes, insert a dry-bulb thermocouple and a wet-bulb thermocouple into the return plenum at the
center of the airflow.

10. At 15 minutes when the return plenum temperatures have stabilized, using the thermocouples already in
place, measure and record the return (evaporator entering) air dry-bulb temperature (Tretm, av) @and the
return (evaporator entering) air wet-bulb temperature (T eturn, wb)-

11. Using the dry-bulb thermocouple already in place, measure and record the supply (evaporator leaving) air
dry-bulb temperature (Tsuppiy, db)-

12. Using the refrigerant gauge already attached, measure and record the evaporator saturation temperature
(Tevaporator, sat) from the low side gauge.

13. Using the dry-bulb thermocouple already in place, measure and record the suction line temperature (Tsyction,
db)-

14. Using the dry-bulb thermocouple already in place, measure and record the condenser (entering) air dry-
bulb temperature (Tcondenser, ab)-

The above measurements shall be used to adjust refrigerant charge and airflow as described in following
sections.

RK2.5 Refrigerant Charge Calculations

The Superheat Charging Method is used only for non-TXV systems equipped with fixed metering devices.
These include capillary tubes and piston-type metering devices. The following steps describe the calculations
to determine if the system meets the required refrigerant charge using the measurements described in section
2.4. If a system fails, then remedial actions must be taken. If the refrigerant charge is changed and the airflow
has been previously tested and shown to pass, then the airflow shall be re-tested. Be sure to complete Steps 1
and 2 of Section 2.4 before re-testing the airflow. Both the airflow and charge must be re-tested until they both
sequentially pass.

1. Calculate Actual Superheat as the suction line temperature minus the evaporator saturation temperature.
Actual Superheat = Tgygtion, db — Tevaporator, sat-

2. Determine the Target Superheat using Table RK-1 using the return air wet-bulb temperature (T ey, wo) and
condenser air dry-bulb temperature (Tondenser, db)-

3. If adash mark is read from Table RK-1, the target superheat is less than 5°F, then the system does not
pass the required refrigerant charge criteria, usually because outdoor conditions are too hot and dry. One
of the following adjustments is needed until a target superheat value can be obtained from Table RK-1 by
either 1) turning on the space heating system and/or opening the windows to warm up indoor temperature;
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or 2) retest at another time when conditions are different. After adjustments, repeat the measurement
procedure as often as necessary to establish the target superheat. Allow system to stabilize for 15 minutes
before completing the measurement procedure again.

4. Calculate the difference between actual superheat and target superheat (Actual Superheat - Target
Superheat)

5. If the difference is between minus 5 and plus 5°F, then the system passes the required refrigerant charge
criteria.

6. If the difference is greater than plus 5°F, then the system does not pass the required refrigerant charge
criteria and the installer shall add refrigerant. After the refrigerant has been added, turn the system on and
allow it to stabilize for 15 minutes before completing the measurement procedure again. Adjust refrigerant
charge and repeat the measurement procedure as many times as necessary to pass the test.

7. If the difference is between -5 and -100°F, then the system does not pass the required refrigerant charge
criteria, the installer shall remove refrigerant. After the refrigerant has been removed, turn the system on
and allow it to stabilize for 15 minutes before completing the measurement procedure again. Adjust
refrigerant charge and repeat the measurement as many times as necessary to pass the test.

RK2.5 Adequate-Airflow CalculationsVerification

In order to have a valid charge test, the air flow must be verified by either passing the temperature split test or
by one of the three measurements in ACM RO with a measured airflow in excess of 0.033 cfm/Btu capacity
rated at DOE A test conditions (400 cfm/12000 Btu) (dry coil).

The temperature split test method is designed to provide an efficient check to see if airflow is above the
required minimum _for a valid refrigerant charge test. The following steps describe the calculations using the
measurement procedure described in section 2.4. If a system fails, then remedial actions must be taken. If the
airflow is changed and the refrigerant charge has previously been tested and shown to pass, then the
refrigerant charge shall be re-tested. Be sure to complete Steps 1 and 2 of Section 2.4 before re-testing the
refrigerant charge. Both the airflow and charge must be re-tested until they both sequentially pass.

1. Calculate the Actual Temperature Split as the return air dry-bulb temperature minus the supply air dry-bulb
temperature. Actual Temperature Split = Trewm, db = Tsupply, db

2. Determine the Target Temperature Split from Table RK-2 using the return air wet-bulb temperature (T etum,
wb) and return air dry-bulb temperature (T eturn, db)-

3. If adash mark is read from Table RK-2, then there probably was an error in the measurements because
the conditions in this part of the table would be extremely unusual. If this happens, re-measure the
temperatures. If re-measurement results in a dash mark, complete one of the alternate airflow
measurements in Section 3.4 below.

4. Calculate the difference between target and actual temperature split (Actual Temperature Split-Target
Temperature Split). If the difference is within plus 3°F and minus 3°F, then the system passes the
adequate airflow criteria.

5. If the difference is greater than plus 3°F, then the system does not pass the adequate airflow criteria and
the airflow shall be increased by the installer. Increasing airflow can be accomplished by eliminating
restrictions in the duct system, increasing blower speed, cleaning filters, or opening registers. After
corrective measures are taken, repeat measurement procedure as often as necessary to establish
adequate airflow range. Allow system to stabilize for 15 minutes before repeating measurement procedure.

6. If the difference is between minus 3°F and minus 100°F, then the measurement procedure shall be
repeated making sure that temperatures are measured at the center of the airflow.

7. If the re-measured difference is between plus 3°F and minus 3°F the system passes the adequate airflow
criteria. If the re-measured difference is between minus 3°F and minus 100°F, the system passes, but it is
likely that_the capacity is low on this system (it is possible, but unlikely, that airflow is higher than average).
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RK3 Alternate Charge and-Airflow-Measurement Procedure

This section specifies the Alternate charge and-airfflow-measurement procedure. Under this procedure, the
required refrigerant charge is calculated using the Weigh-In Charging Method.

HVAC installers who must complete system installation verification when the outdoor temperature is below
55°F shall use this Alternate procedure in conjunction with installing and charging the system in accordance
with the manufacturer’s specifications. HERS Raters shall not use this procedure to verify compliance.

Split system air conditioners come from the factory already charged with the standard charge indicated on the
name plate. The manufacturer supplies the charge proper for the application based on their standard liquid line
length. It is the responsibility of the HVAC installer to ensure that the charge is correct for each air conditioner
and to adjust the charge based on liquid line length different from the manufacturer's standard.

RK3.1 Minimum Qualifications for this Procedure

HVAC installation technicians need to be qualified to perform the following:

1. Transfer and recovery of refrigerant (including a valid Environmental Protection Agency (EPA) certification
for transition and recovery of refrigerant).

2. Accurately weigh the amount of refrigerant added or removed using an electronic scale.

Calculate the refrigerant charge adjustment needed to compensate for non-standard lineset
lengths/diameters based on the actual lineset length/diameter and the manufacturer’s specifications for
adjusting refrigerant charge for non-standard lineset lengths/diameters.

RK3.2 Instrumentation Specifications

The digital scale used to weigh in refrigerant must have a range of .5 oz to at least 1200 oz (75 Ib.). The scale’s
accuracy must be + 0.25 oz.
RK3.3 Weigh-In Method

The following procedure shall be used by the HVAC installer to charge the system with the correct refrigerant
charge.

1. Obtain manufacturer’s standard liquid line length and charge adjustment for alternate liquid line lengths.
2. Measure and record the actual liquid line length (L actual)-

3. Record the manufacturer’s standard liquid line length (L standard)-

4

Calculate the difference between actual and standard liquid line lengths

(L actual ~ L standard)-

o

Record the manufacturer’s adjustment for liquid line length difference per foot (A engtn).

Calculate the amount of refrigerant to add or remove and document the calculations on the CF-6R.

7. Weigh in or remove the correct amount of refrigerant
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Table RK-1: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature)
Return Air Wet-Bulb Temperature (°F)
(T return, wh)

50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76
55 | 8.8 |10.1[11.5|12.8[14.2|15.6[17.1]|18.5[20.0|21.5[23.1|24.6 |26.2 |27.8 [29.4|31.0 |32.4|33.835.1|36.4 | 37.7|39.0 [40.2 | 41.5[42.7 | 43.9|45.0
56 | 86 | 9.9 [11.2|12.6|14.0|15.4|16.8|18.2|19.7 |21.2|22.7 | 24.2|25.7 | 27.3|28.9|30.5|31.8 | 33.2|34.6 | 35.9|37.2|38.5(39.7 | 41.0 | 42.2 | 43.4 | 44.6
57 | 83|96 [11.0(12.3[13.7|15.1]16.5|17.9|19.4|20.8 | 22.3|23.8|25.3|26.8 | 28.3|29.9|31.3|32.6 | 34.0 | 35.3|36.7 | 38.0 | 39.2 | 40.5 | 41.7 | 43.0 | 44.2
58 | 7.9 | 9.3 [10.6|12.0|13.4|14.8|16.2|17.6|19.0|20.4 |21.9|23.3|24.8 |26.3|27.8|29.3|30.7 | 32.1|33.5|34.8|36.1|37.5|38.7 | 40.0 | 41.3 | 42.5|43.7
59 | 75|89 [10.2|11.6|13.0|14.4|15.8|17.2|18.6|20.0 |21.4|22.9|24.3|25.7 |27.2|28.7 | 30.1 | 31.5|32.9 | 34.3 | 35.6 | 36.9 | 38.3 | 39.5|40.8 | 42.1|43.3
60 | 7.0 | 8.4 |98 [11.2(12.6|14.0(15.4|16.8|18.2|19.6[21.0|22.4|23.8|25.2|26.6|28.1|29.6|31.0|32.4|33.7|35.1|36.4|37.8|39.1|40.4|41.6|42.9
61 | 657993 [10.7]12.1[13.5(14.9(16.3|17.7[19.1]20.5(21.9|23.3|24.7|26.1|27.5/29.0 |30.4 | 31.8|33.2(|34.6 |35.9|37.3|38.6|39.9|41.2|42.4
62 | 6.0 |7.4|88[102]11.7(13.1|14.5[15.9(17.3|18.7(20.1|21.4|22.8|24.2|25.5(27.0(|28.4(29.9|31.3|32.7|34.1|35.4|36.8|38.1|39.4|40.7|42.0
63 | 53 |6.8|83|97|11.1[12.6(14.0|15.4|16.8|18.2(19.6(20.9|22.3|23.6(25.0(26.4|27.8(29.3|30.7|32.2(33.6|34.9|36.3|37.7|39.040.3|41.6
64 | - |6.1]76|9.1(106[12.0(13.5[14.9(/16.3|17.7(19.0(20.4|21.7|23.1|24.4|25.8(27.3|28.7|30.2|31.6(33.0|34.4|35.8(37.2|38.5(39.9|41.2
| 65| - [54]|70/85|10.0[11.5|12.9[14.3|15.8[17.1|18.5[19.9|21.2[22.5|23.8[25.2|26.7 [28.2|29.7 |31.1|32.5[33.9|35.3|36.7 | 38.1|39.4|40.8
'5:, 66 - 6.3 78|93 (10.8(12.3(13.8(15.2|16.6(18.0(19.3|20.7 |22.0(23.2|24.6|26.1|27.6(29.1|30.6|32.0(33.4(34.9(36.3|37.6(39.0(40.4
g ler ]| - - | 55|71]87|10.2[11.7|13.2(14.6|16.0|17.4|18.8|20.1|21.4|22.7 |24.1|25.6 | 27.1|28.6 | 30.1|31.5|33.0|34.4 | 35.8|37.2|38.6|39.9
s 68| - - - 1 63]80]95|11.1[12.6|14.0|155|16.8|18.2|19.5[20.8|22.1|23.5|25.026.5|28.029.5|31.0|32.5|33.9|35.3|36.8|38.1|39.5
g 69 | - - - | 55|72|88|104[11.9|13.4|14.8|16.3|17.6|19.0[20.3|21.5|22.9|24.4|26.0|27.5|29.0|30.5|32.0|33.4 |34.9|36.3 |37.7|39.1
E | 70| - - - - 16481197 |11.2[12.7|14.2|15.7|17.0[18.4|19.720.9|22.3|23.9|25.4|27.0|28.5|30.0|31.5|33.0|34.4 |35.9|37.3|38.7
'; 71 - - - - | 56|73 |89 (105(12.1(13.6(15.0(16.4(17.8|19.1|20.3(21.7|23.3(24.9(26.4|28.0(29.5(31.0(32.5(34.0(35.4(36.938.3
5 [ 72| - - - - - | 6.4 (81|98 |11.4(12.9(14.4(158(17.2(18.5(19.7|21.2|22.8(24.3|25.9(27.4|29.0|30.5|32.0|33.5|35.0|36.5|37.9
'g 73 | - - - - - | 56|73|9.0(10.7(12.2(13.7(15.2|16.6 |17.9]19.2|20.6 | 22.2|23.8|25.4 | 26.9|28.5|30.0|31.5|33.1|34.6 |36.0|37.5
a | 74| - - - - - - | 65|82|9.9|11.5[13.1|14.5(15.9|17.3|18.6|20.0 |21.6|23.2|24.8|26.428.0|29.5|31.1|32.6 |34.1|35.6 |37.1
z |75 - - - - - - | 56|7492[10.8[12.4{13.9|15.3|16.7|18.0|19.4|21.1|22.7|24.3|25.9|27.5|29.1|30.6|32.2|33.7|35.2|36.7
5 |76 | - - - - - - - | 66|84 [101(11.7(13.2(14.7(16.1|17.4|18.9(20.5(22.1|23.8|25.4|27.0 28.6|30.1|31.7|33.3|34.8|36.3
g 77 | - - - - - - - | 57|75|93(11.0[125(14.0(15.4|16.8(18.3|20.0(21.6|23.2|24.9|26.5(28.1|29.7 |31.3|32.8|34.4|36.0
S | 78 | - - - - - - - - | 67|85(10.211.8(13.4|14.8(16.2|17.7|19.4|21.1|22.7|24.4|26.0|27.6 |29.2|30.8 |32.4|34.0 | 35.6
S 79| - - - - - - - - | 59| 77|95 |11.1[12.7|14.2|15.6|17.1|18.8|20.5|22.2|23.8|25.5|27.1|28.8|30.4 |32.0|33.6 |35.2
80 | - - - - - - - - - | 6987 [104[12.0[13.5(15.0|16.6(18.3[20.0|21.7[23.3]25.0|26.728.3[29.9|31.6[33.2|34.8
81 | - - - - - - - - - | 60|79|97|11.3[12.9(14.3[16.0(17.7(19.4|21.1|22.8|24.5(26.2|27.9(29.5|31.2|32.8|34.4
82 | - - - - - - - - - | 52|71|89/(10.6(12.2(13.7|15.4|17.2(18.9|20.6 |22.3|24.0|25.7|27.4|29.1|30.7 | 32.4|34.0
83 | - - - - - - - - - - | 63]82|99|11.6[13.114.9(16.6|18.4|20.1|21.8|23.5|25.2|26.9|28.6|30.3|32.0(33.7
84 | - - - - - - - - - - | 55|74|92(109(125(14.3(16.1|17.8|19.6|21.3(23.0|24.8|26.5|28.2(29.9|31.6 |33.3
85 | - - - - - - - - - - - | 66(85[10.3[11.9[13.7(15.5[17.3(19.0[20.8|22.6 [24.3|26.027.8]29.5[31.2|32.9
486 | - - - - - - - - - - - | 58|78|96(11.3[13.2|15.0(16.7|18.5(20.3|22.1|23.8|25.6|27.3|29.1|30.8|32.6
187 | - - - - - - - - - - - | 50|70|89/(10.6|12.6|14.4|16.2|18.0(19.8(|21.6|23.4|25.1|26.9|28.7|30.4|32.2
88 | - - - - - - - - - - - - | 63]82(10.0{12.0(13.9|15.7|17.5|19.3|21.1|22.9|24.7|26.5|28.3|30.1 |31.8
89 | - - - - - - - - - - - - | 55|75|94|115[13.3|15.1(17.0|18.8|20.6|22.4 |24.3|26.1|27.9|29.7 |31.5
H 90| - - - - - - - - - - - - - 168(88[10.9(12.8(14.6]/16.5[18.3]20.1[22.0|23.8(25.6|27.5[29.3|31.1

Greyed area indicates test conditions where the return drybulb temperature must exceed 70°F
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Table RK-1: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature) (continued)

Return Air Wet-Bulb Temperature (°F)
(T return, wb)

50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76
91 - - - - - - - - - - - - - | 6.1]81(10.3(12.2|14.1|15.9(17.8(19.7|21.5|23.4(25.2|27.1|28.9|30.8
92 - - - - - - - - - - - - - | 54|75|98 (11.7|13.5|154[17.3(19.2|21.1|22.9|24.8|26.7|28.5|30.4
93 - - - - - - - - - - - - - - | 6.8]92|11.1(13.0|14.9|16.8(18.7|20.6|22.5|24.4|26.3|28.2|30.1
94 - - - - - - - - - - - - - - | 6.2|87|106(125|14.4|16.3|18.2|20.2|22.1|24.0(25.9|27.8|29.7
95 - - - - - - - - - - - - - - | 56|81]10.0(12.0|13.9|15.8[17.8|19.7|21.6|23.6(25.5|27.4|29.4
96 - - - - - - - - - - - - - - - | 75]|95|11.4(13.4|15.3|17.3]19.2|21.2|23.2|25.1(27.1|29.0
|97 - - - - - - - - - - - - - - - | 70]|89|109(129|14.9|16.8|18.8|20.8|22.7|24.7 | 26.7 | 28.7
& 98 - - - - - - - - - - - - - - - | 64|84|104(12.4|14.4|16.4]18.3|20.3|22.3|24.3(26.3|28.3
% 99 - - - - - - - - - - - - - - - | 587999 (119|13.9(159(17.9(19.9|21.9|24.0(26.0|28.0
g 100 | - - - - - - - - - - - - - - - | 53|73|93(11.4|134|154(17.5(19.5|21.5|23.6(25.6|27.7
g 101 | - - - - - - - - - - - - - - - - | 6.8]88(10.9(129|15.0{17.0|19.1|21.1|23.2|25.3|27.3
'_; 102 | - - - - - - - - - - - - - - - - | 6.2|83|104(12.4|145|16.6|18.6|20.7|22.8|24.9(27.0
E’ 103 | - - - - - - - - - - - - - - - - | 577899 (11.9|14.0{16.1]18.2|20.3|22.4|24.5|26.7
é’ 104 | - - - - - - - - - - - - - - - - | 527293 (11.5|13.6(15.7|17.8(19.9|22.1|24.2|26.3
5 105 | - - - - - - - - - - - - - - - - - | 6.7]88|11.0(13.1|15.2{17.4(19.5|21.7|23.8|26.0
§ 106 | - - - - - - - - - - - - - - - - - | 6.2|83|105(12.6|14.8{17.0(19.1|21.3|23.5|25.7
é 107 | - - - - - - - - - - - - - - - - - | 57]179]10.0(12.2|14.4|16.6(18.7|21.0|23.2|25.4
S |108] - - - - - - - - - - - - - - - - - | 52|74|95(11.7|13.9|16.1|18.4|20.6|22.8|25.1
© 109 | - - - - - - - - - - - - - - - - - - | 69]91|11.3(13.5|15.7|18.0(20.2|22.5|24.7
110 | - - - - - - - - - - - - - - - - - - | 64|86 |10.8(13.1|15.3|17.6(19.9|22.1|24.4
1M1 - - - - - - - - - - - - - - - - - - | 59]|81|104(12.6|14.9{17.2(19.5|21.8|24.1
4112 - - - - - - - - - - - - - - - - - - | 547699 (122]|145|16.8(19.1|21.5|23.8
113 - - - - - - - - - - - - - - - - - - - | 72]95|11.8(14.1|16.4|18.8(21.1|235
114 - - - - - - - - - - - - - - - - - - - | 6.7]90|11.4(13.7|16.1|18.4(20.8|23.2
H115 - - - - - - - - - - - - - - - - - - - | 62|86 |10.9(13.3|15.7|18.1(20.5|22.9
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Table RK-2: Target Temperature Split (Return Dry-Bulb — Supply Dry-Bulb)

Return Air Dry—Bulb (°F) (T return, ab)

Return Air Wet-Bulb (°F) (T return, wb)

50 | 561 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76
70 [20.9]20.7|20.6 (20.4|20.1|19.9(19.5|19.1|18.7|18.2|17.7|17.2|16.5|15.9|15.2(14.4|13.7|12.8(11.9|11.0|10.0|[ 9.0 | 79 | 6.8 | 5.7 | 45 | 3.2
71 (21.4(21.3|121.1(20.9|20.7|20.4|20.1|19.7|19.3|18.8|18.3|17.7|17.1|16.4|15.7{15.0|14.2|13.4{125|11.5|106| 95 | 85 | 74 | 6.2 | 5.0 | 3.8
72 (219(21.8|21.7(21.5|21.2|20.9|20.6|20.2|19.8|19.3|18.8|18.2(17.6|17.0|16.3|155|14.7|13.9({13.0{12.1|11.1{10.1| 9.0 | 79 | 6.8 | 5.6 | 4.3
73 |22.5|22.4)122.2(22.0|21.8|21.5(21.2|20.8|20.3(19.9|19.4|18.8(18.2|17.5|16.8(16.1|15.3|14.4(13.6|12.6|11.7(106| 96 |85 | 7.3 | 6.1 | 4.8
74 (23.0(22.9)|22.8(22.6|22.3|22.0(21.7|21.3|20.9|20.4|19.9|19.3(18.7|18.1|17.4|16.6|15.8|15.0(14.1|13.2|122{11.2|10.1| 9.0 | 7.8 | 6.6 | 54
75 |23.6(23.5|23.3(23.1(22.9|22.6(22.2121.9|21.4|21.0|20.4|19.9(19.3|18.6|17.9(17.2|16.4|156.5(14.7|13.7|12.7|{11.7|10.7| 9.5 | 84 | 7.2 | 5.9
76 (24.1124.0123.9(23.7|23.4|23.1|22.8|22.4|22.0(21.5|21.0|20.4(19.8|19.2|18.5(17.7|16.9|16.1(15.2|14.3|13.3(12.3|11.2|10.1| 8.9 | 7.7 | 6.5
77 - |24.6|24.4(24.2|24.0|23.7(23.3|22.9|22.5(22.0|21.5|21.0{20.4|19.7|19.0(18.3|17.5|16.6|15.7|14.8|13.8(12.8|11.7|10.6| 9.5 | 83 | 7.0
78 - - - |24.7|1245(242|23.9|23.5(23.1|22.6|22.1{21.5|20.9|20.2({19.5|18.8(18.0({17.2|16.3|15.4(14.4|13.4|123|11.2|10.0| 88 | 7.6
79 - - - - - 124.8|24.4|24.0(23.6|23.1(22.6(22.1|21.4|20.8{20.1|19.3(18.5(17.7|16.8(15.9|14.9|13.9(12.8|11.7|10.6| 9.4 | 8.1
80 - - - - - - 125.0(24.6|24.2123.7|23.2|22.6(22.0|21.3|20.6[19.9(19.1(18.3[17.4|16.4|15.5[14.4|13.4(123|11.1| 9.9 | 8.7
81 - - - - - - - 1251|24.7|24.2|23.7|23.1|225(21.9|21.2|20.4|19.6|18.8(17.9(17.0|16.0(15.0[13.9(12.8|11.7[10.4| 9.2
82 - - - - - - - - 1252(24.8|24.2(23.7|23.1|22.4{21.7|21.0(20.2(19.3|18.5(17.5[16.6|15.5|14.5[{13.4|12.2(11.0| 9.7
83 - - - - - - - - - 125.3|24.8(24.2(23.6|23.0(22.3|21.5|20.7(19.9[19.0|18.1(17.1]16.1|15.0(13.9[12.7|11.5|10.3
84 - - - - - - - - - 125.9(25.3(24.8(24.2|23.5(22.8(22.1|21.3(20.4[19.5|18.6(17.6|16.6|15.6(14.4[13.3|12.1/10.8
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Appendix RL — Field Verification and Diagnostic Testing
of Forced Air System Fan Flow and Air Handler Fan Watt
Draw

NOTE: THIS APPENDIX IS ENTIRELY NEW SO FOR CLARITY, NO UNDERLINES ARE SHOWN.

RL1. Purpose and Scope

ACM RL contains procedures for verifying adequate airflow in split system and packaged air conditioning
systems serving low-rise residential buildings. The procedure is also used to calculate a credit for improved air
distribution design, including more efficient motors and air distribution systems with fewer obstructions. The
refrigerant charge test described in ACM RK requires as a prerequisite that adequate airflow be verified. In
addition, the reference method algorithms offer a credit for low fan power which can be obtained thorugh
diagnostic measurements. Table RL9 summarizes the diagnostic measurement procedures in ACM RL and
shows their relationship to the equipment efficiency algorithms in ACM Chapter 4.

Table RL9 — Summary of Diagnostic Measurements

Variables and Proposed Design
Input to the Equation
Algorithms Reference Description Standard Design Value Default Value Procedure
Fan Power FanW/Btu The ratio of fan power in 0.051 W/Btu. 0.051 W/Btu. Section
Ratio Watts to the cooling RL4.4.3
(Eq. 4-45) capacity in Btu/h.
Fan Flow over [, The term F,; depends on Far=1.000 when Far=0.925 Section
Evaporator the measured airflow over refrigerant charge testing RL4.4.1
(Eq.442and  thg evaporator coil. A or TXV is required by
4.43) value of 0.925isused asa  Package D.

default, but a value of
1.000 can be used if

Refrigerant n. a. An airflow of at least 350 n.a. n.a. Section
Charge cfm/ton must be mained RL4.4.1
Prerequisite over a wet coil or 400

cfm/ton over a dry coil
before a valid refrigerant
charge test may be
performed

RL2. Instrumentation Specifications

The instrumentation for the air distribution diagnostic measurements shall conform to the following
specifications:

RL2.1 Pressure Measurements

All pressure measurements shall be measured with measurement systems (i.e., sensor plus data acquisition
system) having an accuracy of + 0.2 Pa. All pressure measurements within the duct system shall be made with
static pressure probes.
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RL2.2 Fan Flow Measurements

All measurements of distribution fan flows shall be made with measurement systems (i.e., sensor plus data
acquisition system) having an accuracy of + 7% reading or £ 5 cfm whichever is greater.

RL2.3 Watt Measurements

All measurements of air handler watt draws shall be made with measurement systems (i.e., sensor plus data
acquisition system) having an accuracy of + 1% reading or = 5 watts whichever is greater.

RL3. Apparatus

RL3.1 System Fan Flows
HVAC system fan flow shall be measured using one of the following methods.
RL3.1.1 Plenum Pressure Matching Measurement

The apparatus for measuring the system fan flow shall consist of a duct pressurization and flow measurement
device (subsequently referred to as a fan flowmeter) meeting the specifications in 2.2, a static pressure
transducer meeting the specifications in Section 2.1, and an air barrier between the return duct system and the
air handler inlet. The measuring device shall be attached at the air handler blower compartment door. All
registers shall be in their normal operating condition. The static pressure probe shall be fixed to the supply
plenum so that it is not moved during this test.

RL3.1.2 Flow Capture Hood Measurement

A flow capture hood meeting the specifications in Section 2.2 can be used to verify the fan flow at the return
register(s). All registers shall be in their normal operating position. Measurement(s) shall be taken at the return
grill(s).

RL3.1.3 Flow Grid Measurement

The apparatus for measuring the system fan flow shall consist of a flow measurement device (subsequently
referred to as a fan flow grid) meeting the specifications in 2.2 and a static pressure transducer meeting the
specifications in Section 2.1. The measuring device shall be attached at a point where all the fan airflow shall
flow through the flow grid. All registers shall be in their normal operating condition. The static pressure probe
shall be fixed to the supply plenum so that it is not moved during this test.

RL3.2 Air Handler Watts
The air handler watt draw shall be measured using one of the following methods.
RL3.2.1 Portable Watt Meter Measurement

The apparatus for measuring the air handler watt draw shall consist of a watt meter meeting the specifications
in X.1.3. The measuring device shall be attached to measure the air handler fan watt draw. All registers shall
be in their normal operating condition.

RL3.2.2 Utility Revenue Meter Measurement

The apparatus for measuring the air handler watt draw shall consist of the utility revenue meter meeting the
specifications in X.1.3 and a stopwatch measuring in seconds. All registers shall be in their normal operating
condition.

RL4. Procedure

To obtain airflow credit a diagnostic fan flow measurement must be performed and the duct system must be
designed.
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To obtain airflow and fan watt draw credit. a diagnostic fan flow measurement must be performed, the duct
system must be designed, and the air handler fan watt draw measurement must be performed.

RL4.1 Diagnostic Fan Flow
The diagnostic fan flow shall be measured using one of the following methods:
RL4.1.1 Diagnostic Fan Flow Using Flow Capture Hood

The fan flow measurement shall be performed using the following procedures; all registers shall be fully open,
and the air filter shall be installed. Turn on the system fan at the maximum speed used in the installation
(usually the cooling speed when air conditioning is present) and measure the fan flow at the return grille(s) with
a calibrated flow capture hood to determine the total system return fan flow. The system fan flow (Qah, cfm)
shall be the sum of the measured return flows.

RL4.1.2 Diagnostic Fan Flow Using Plenum Pressure Matching
The fan flow measurement shall be performed using the following procedures:

1. If the fan flowmeter is to be connected to the air handler outside the conditioned space, then the door
or access panel between the conditioned space and the air handler location shall be opened.

2. With the system fan on at the maximum speed used in the installation (usually the cooling speed when
air conditioning is present), measure the pressure difference (in pascal) between the supply plenum
and the conditioned space (Psp). Psp is the target pressure to be maintained during the fan flow tests.
If there is no access to the supply plenum, then place the pressure probe in the nearest supply duct.
Adjust the probe to achieve the highest pressure and then firmly attach the probe (e.g., with duct tape)
to ensure that it does not move during the fan flow test.3. Block the return duct from the plenum
upstream of the air handler fan and the fan flowmeter. Filters are often located in an ideal location for
this blockage.

3. Attach the fan flowmeter device to the duct system at the air handler. For many air handlers, there will
be a removable section that allows access to the fan that is suitable for this purpose.

4. Turn on the system fan and the fan flow meter, adjust the fan flowmeter until the pressure between
supply plenum and conditioned space matches Psp.

5. Record the flow through the flowmeter (Qah, cfm) - this is the diagnostic fan flow. In some systems,
typical system fan and fan flowmeter combinations may not be able to produce enough flow to reach
Psp. In this case record the maximum flow (Qmax, cfm) and pressure (Pmax) between the supply
plenum and the conditioned space. The following equation shall be used to correct measured system
flow and pressure (Qmax and Pmax) to operating condition at operating pressure (Psp).

Air Handler Flow Qah = Qmax x (Psp/Pmax) *.5 Equation RL19

RL4.1.3 Diagnostic Fan Flow Using Flow Grid Measurement
The fan flow measurement shall be performed using the following procedures:

1. With the system fan on at the maximum speed used in the installation (usually the cooling speed when
air conditioning is present measure the pressure difference (in pascal) between the supply plenum and the
conditioned space (Psp). If there is no access to the supply plenum, then place the pressure probe in the
nearest supply duct. Adjust the probe to achieve the highest pressure and then firmly attach the probe
(e.g., with duct tape) to ensure that it does not move during the fan flow test

The flow grid shall be attached at a point where all the fan air flows through the flow grid.
Re-measure the system operating pressure with the flow grid in place.

Measure the air flow through the flow grid (Qgrid) and the test pressure (Ptest).

A < A

The following equation for air handler flow shall be used to correct flow through the flow grid and
pressure (Qgrid and Ptest) to operating condition at operating pressure (Psp).
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Qah =Qmax x (Psp/Ptest) .5 Equation RL20

RL4.2 Duct Design

The duct system shall be designed within two constraints, the airflow rate and the available external static
pressure from the air handler at that airflow. The duct design shall have calculations showing the duct system
will operate at equal to or greater than 0.0375 cfm/Btu rated capacity at ARI test condtions (450 cfm/12000 Btu)
in cooling speed (dry coil) or, if heating only, equal to or greater than 16.8 cfm per 1000 Btu/hr furnace output.
The design shall be based on the available external static pressure from the air handler, the pressure drop of
external devices, the equivalent length of the runs, as well as the size, type and configuration of the ducts. The
duct layout shall be included on the plans and the duct design shall be reported on the CF-6R and posted on-
site.

RL4.3 Diagnostic Air Handler Watt Draw
The diagnostic air handler watt draw shall be measured using one of the following methods:
RL4.3.1 Diagnostic Air Handler Watt Draw Using Portable Watt Meter

The air handler watt draw measurement shall be performed using the following procedures; all registers shall
be fully open, and the air filter shall be installed. Turn on the system fan at the maximum speed used in the
installation (usually the cooling speed when air conditioning is present) and measure the fan watt draw (Wfan).

RL4.3.2 Diagnostic Air Handler Watt Draw Using Utility Revenue Meter

The air handler watt draw measurement shall be performed using the following procedures; all registers shall
be fully open, and the air filter shall be installed. Turn on the system fan at the maximum speed used in the
installation (usually the cooling speed when air conditioning is present) and turn off every circuit breaker except
the one exclusively serving the air handler. Record the Kh factor on the revenue meter, count the number of full
revolutions of the meter wheel over a period exceeding 90 seconds. Record the number of revolutions (Nrev)
and time period (trev, seconds). Compute the air handler watt draw (Wfan) using the following formula:

Air Handler Fan Watt Draw  Wfan = ( Kh x Nrev x 3600)/ trev Equation RL21

Return all circuit breakers to their original positions.
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Appendix RM — HVAC Sizing

NOTE: THIS APPENDIX IS ENTIRELY NEW, SO FOR CLARITY, NO UNDERLINES ARE SHOWN.

RM1. Purpose and Scope

ACM RM-2005 is a procedure for calculating the cooling load in low-rise residential buildings (Section RM2)
and for determining the maximum allowable cooling load permitted by the standards (Section RM3). Section
RM4 has a procedure for determining compliance for oversized equipment by showing that the peak power is
equal to or less than equipment that minimally met the requirements of the standard.

RM2. Procedure for Calculating Design Cooling Capacity

The following rules apply when calculating the design cooling capacity as required by Section 150(h)3 of the
standards:

RM2.1 Methodology

The methodologies, computer programs, inputs, and assumptions approved by the commission shall be used.

RM2.2 Cooling Loads

Except as specified in this section, calculations will be done in accordance with the method described in
Chapter 28, Residential Cooling and Heating Load Calculations, 2001 ASHRAE Fundamentals Handbook.
Interpolation shall be used with tables in Chapter 28. The methods in Chapter 29 may not be used under this
procedure.

RM2.3 Indoor Design Conditions

The indoor cooling design temperature shall be 75°F. An indoor design temperature swing of 3°F shall be
used.

RM2.4 Outdoor Design Conditions

Outdoor design conditions shall be selected from ASHRAE publication SPCDX: Climatic Data for Region X,
Arizona, California, Hawaii, and Nevada, 1982 and its supplements. Outdoor cooling design dry bulb
temperatures shall be no greater than the temperature listed in the Summer Design Dry Bulb 0.5 percent
column.

RM2.5 Block Loads

The design cooling capacity used for calculating the maximum allowable cooling capacity is based on the block
(peak) load either for

1. The whole building; or
2. For each zone within a building that is served by its own cooling system; or
3. For each dwelling unit within a building that is served by its own cooling system.

Room-by-room loads are not allowed for calculating the design cooling capacity.
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RM2.6 Table Selection

Tables 2 (cooling load temperature differences) and 4 (glass load factors) shall be used for:

1. Buildings with more than one dwelling unit using whole building block loads; or

2. Buildings or zones with either east or west exposed walls but not both east and west exposed walls.
Otherwise, Tables 1 (cooling load temperature differences) and 3 (glass load factors) shall be used.
Note: The table numbers refer to the ASHRAE Fundamentals 2001.

RM2.7 U-factors

U-factors for all opaque surfaces and fenestration products shall be consistent with the methods described in
Section 4.2 of the Residential ACM Manual. The effects of radiant barriers or cool roofs shall be included if
these features are in the proposed building.

RM2.8 Solar Heat Gain Coefficients

Solar heat gain coefficients (SHGC) shall be equal to the SHGC,seq Values described in Section 4.4.2 of the
Residential ACM Manual.

RM2.9 Glass Load Factors

Glass load factors (GLFs) shall be calculated using the equation in the footnotes of Tables 3 and 4 in Chapter
28 using the columns for “Regular Double Glass” and the rows for “Draperies, venetian blinds, etc”. The table
values used in the equation shall be U; = 0.55 and SC, = 0.45. The shading coefficient for the alternate value
shall be SC, = SHGC x 0.87 where the SHGC value is described above. The GLF values shall also be adjusted
for latitude as described in the footnotes.

Note: The table numbers refer to the ASHRAE Fundamentals 2001.

RM2.10 Infiltration

The air flow (CFM) due to infiltration and mechanical ventilation shall be calculated with the effective leakage
area method as documented in equation 4.19 in Section 4.17.1 of the Residential ACM Manual using the
outdoor design temperature minus the indoor design temperature as the temperature difference and a 7.5 mph
wind speed.

RM2.11 Internal Gain

Occupancy shall be assumed to be two persons for the first bedroom and one person for each additional
bedroom per dwelling unit. Each person shall be assigned a sensible heat gain of 230 Btu/hr. Appliance loads
shall be 1200 Btu/hr for multifamily buildings with common floors and ceilings. Otherwise the appliance load is
1600 Btu/hr.

RM2.12 Cooling Duct Efficiency

The cooling duct efficiency shall be calculated using the seasonal approach as documented in ACM RF-2005.

RM2.13 Latent Factor.
The latent factor shall be 1.0.

RM2.14 Total Cooling Load

The total cooling load is calculated in accordance with Table 9 of Chapter 28 with the values specified in this
section.
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RM2.15 Design Cooling Load

The design cooling load is equal to the total cooling load divided by the cooling duct efficiency.

RM2.16 Design Cooling Capacity

The design cooling capacity calculation adjusts the sensible design cooling load to estimate the rated cooling
capacity needed as follows:

e Design Cooling Capacity (Btu/hr) =
e Design Cooling Load (Btu/hr) / (0.88 — (0.002286 x (Outdoor Cooling Design Temperature (°F) — 95)))

RMa3. Procedure for Calculating Maximum Allowable Cooling Capacity

The following rules apply when calculating the maximum allowable cooling capacity as required by Section
150(h)3 of the standards:

RM3.1 Design Cooling Capacity

The design cooling capacity shall be calculated in accordance with the procedure described in RM2.

RM3.2 Maximum Allowable Cooling Capacity

For buildings with a single cooling system or for buildings where the design cooling capacity has been
calculated separately for each cooling system, the maximum allowable cooling capacity for each cooling
system shall be:

Table RM1 — Maximum Allowable Cooling Capacity

Design Cooling Capacity (Btu/hr) Maximum Allowable Cooling Capacity (Btu/hr)
< 48000 Design Cooling Capacity + 6000

48000 - 60000 Design Cooling Capacity + 12000

>60000 Design Cooling Capacity + 30000

For buildings with more than one cooling system where the design cooling capacity has been calculated for the
entire building, the maximum allowable cooling capacity for the entire building shall be:

Maximum Allowable Cooling Capacity (Btu/hr) =
Design Cooling Capacity (Btu/hr) + (6000 (Btu/hr) x Number of Cooling Systems) Equation RM1

RM3.3 Multiple Orientations

For buildings demonstrating compliance using the multiple orientation alternative of Section 151(c), the
maximum allowable cooling capacity is the highest of the four cardinal orientations. For buildings with more
than cooling system, the orientation used for determining the maximum allowable cooling capacity shall be
permitted to be different for each zone.

RM4. Procedure for Determining Electrical Input Exception for Maximum Allowable Cooling
Capacity
In accordance with the exception to Section 150(h)2, the installed cooling capacity shall be permitted to exceed

the maximum allowable cooling capacity if the electrical input of the oversized cooling system is less than or
equal to the electrical input of a standard cooling system using the following rules:
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RM4.1 Design Cooling Capacity

The design cooling capacity shall be calculated in accordance with the procedure described in RM2.

RM4.2 Standard Total Electrical Input

The standard electrical input is calculated as follows:

Standard Total Electrical Input (W) =
0.117 (W/Btu/hr) x Design Cooling Capacity (Btu/hr) Equation RM2
RMA4.3 Proposed Electrical Input
The proposed electrical input (W) for the installed cooling system is published as the “Electrical Input” in the
Directories of Certified Appliances maintained by the California Energy Commission in accordance with the
requirements of the Appliance Standards.
RM4.4 Proposed Fan Power
The proposed fan power (W) of the installed cooling system is equal to either:
1. 0.017 (W/Btu/hr) x Design Cooling Capacity (Btu/hr); or
2. The measured fan power (W) where the measured fan power is determined using the procedure described
in ACM RO of the Residential ACM Manual.
RMA4.5 Proposed Total Electrical Input

The proposed electrical input is equal to:

Proposed Total Electrical Input (W) = Proposed Electrical Input (W) + Proposed Fan Power (W) Equation RM3

For buildings with more than one cooling system, the proposed total electrical power shall be the sum of the
values for each system. If the proposed total electrical input is less than or equal to the standard total electrical
input, then the installed cooling capacity may exceed the maximum allowable cooling capacity.
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Appendix RN — Water Heating Calculation Method

NOTE: THIS APPENDIX IS ENTIRELY NEW AND UNDERLINES AND STRIKETHROUGHS ARE ELIMINATED FOR CLARITY OF
READING.

RN1. Purpose and Scope

ACM RN documents the methods and assumptions used for calculating the hourly energy use for residential
water heating systems for both the proposed design and the standard design. The hourly fuel and electricity
energy use for water heating will be combined with hourly space heating and cooling energy use to come up
with the hourly total fuel and electricity energy use to be factored by the hourly TDV energy multiplier. The
calculation procedure applies to low-rise single family, low-rise multi-family, and high-rise residential.

When buildings have multiple water heaters, the hourly total water heating energy use is the hourly water
heating energy use summed over all water heating systems, all water heaters, and all dwelling units being
modeled.

The following diagrams illustrate some of the cases that are recognized by ACM RM.

1 One distribution system with two water
heaters serving a single dwelling unit.

2 Two distribution systems, each with a single
water heater serving a single dwelling unit.

3 One distribution system with one water heater
serving multiple dwelling units.

4 Single distribution system with multiple water
heaters serving multiple units.

The following rules apply to the calculation of water heating system energy use:
e One water heater type per system, e.g. no mix of gas and electric water heaters in the same system

e One solar or woodstove credit (but not both) per system

RN2. Water Heating Systems

Water heating distribution systems may serve more than one dwelling unit and may have more than one piece
of water heating equipment. The energy used by a water heating system is calculated as the sum of the energy
used by each individual water heater in the system. Energy used for the whole building is calculated as the
sum of the energy used by each of the water heating systems. To delineate different water heating elements
several indices are used.
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i Used to describe an individual dwelling unit. For instance CFAi would be the conditioned floor area of the
ith dwelling unit. "N" is the total number of dwelling units.

j  Used to refer to the number of water heaters in a system. "M" is the total number of water heaters.

k Used to refer to a water heating system or distribution system. A building can have more than one system
and each system can have more than one water heater.

RN3 Hourly Adjusted Recovery Load
The hourly adjusted recovery load (HARL) can be calculated by Equation RN1 through  Equation RN7.

HARL, =HSEU, xDLM, x SSM, +HRDL Equation RN1

This equation calculates the hourly recovery load on the water heater. The hourly adjusted recovery load
(HARL) is the heat content of the water delivered at the fixture (HSEU) times the distribution loss multiplier
(DLM) times the solar saving multiplier (SSM) plus the hourly recirculation losses between dwelling units
(HRDL), which only occurs for multi-family central water heating systems. The DLM will generally be greater
than one, which means that heat is wasted as water flows from the water heater to the fixture. The DLM is
constant for all hours with water heating end use.

HSEU, = 8.345x GPH, x AT Equation RN2

This equation calculates the hourly standard end use (HSEU) for each hour at all fixtures. The heat content of the water delivered at
the fixture is the draw volume in gallons (GPH) times the temperature rise AT (difference between the cold water inlet temperature
and the hot water supply temperature) times the heat required to elevate a gallon of water 1°F (the 8.345 constant). GPH are
calculated in a manner consistent with the Standard Recovery Load values in the current water heating methodology (see RN3.2.1
Pipe Insulation Eligibility Requirements).

DLM, =1+ (SDLMj —1)xDSM, Equation RN3

This is the equation for the distribution loss multiplier. It combines two terms: the standard distribution loss multiplier (SDLM), which
depends on the size of the dwelling unit and the number of stories, and the distribution system multiplier (DSM) listed in Table RN2.
For point-of-use (POU) distribution systems located in close proximity to all hot water fixtures (see eligibility criteria in RN3.2.1 Pipe
Insulation Eligibility Requirements), DLM is equal to one, e.g. there are no distribution losses.

SDLM, =1.074 +0.00010 x CFA Equation RN4

This equation gives the standard distribution loss multiplier (SDLM) for one story dwelling units, based on CFA (equal to the total
CFA divided by the number of water heaters per dwelling unit). Multi-family SDLM’s will be calculated based on the one story equation
and the average CFA for all units. CFA, is capped at 2500 ft* for all single and multi-family units.

SDLMy =0.993 +0.00008 x CFA Equation RN5

This equation gives the standard distribution loss multiplier (SDLM) for two and three story dwelling units, based on CFA, (equal to the
total CFA divided by the number of water heaters per dwelling unit). CFA, is capped at 2500 ft* for all single and multi-family units.

SSM =1-SSF, xA Equation RN6

This equation gives the solar savings multiplier (unitless) for the k" water heating system. The solar savings fraction is determined
using ACM RG-2005.

A is the adjustment to the SSF (unitless). A is a value less than 1.0 to account for piping losses when these
losses are not accounted for in the f-Chart analysis. A is 1.0 for passive systems (no circulation pump) and
systems where piping losses are included in the f-Chart analysis. (Piping loss effects are accounted for in the
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Commission Passive Solar Credit calculation procedure. Approved ACM compliance supplements shall state
that pipe losses are not to be accounted for in the f-Chart analysis of active solar water heating systems1.

AT =Tg = Tinjet Equation RN7

Temperature difference (°F) between cold water inlet temperature Tyt and the hot water supply temperature Ts.

where

HARL = Hourly adjusted recovery load (Btu).

HSEU, = Hourly standard end use (Btu). This is the amount of heat delivered at the hot water fixtures
relative to the cold water inlet temperature.

HRDLy = Hourly recirculation distribution loss (Btu) is the hot water energy loss in multi-family central
water heating recirculation systems (calculated in RN3.4 Hourly Recirculation Distribution Loss
for Central Water Heating Systems). HRDL is 0 for all single family water heating systems and
for multi-family systems with individual water heaters.

DLM, = Distribution loss multiplier (unitless).

GPH, = Hourly hot water consumption (gallons) of the k™ system provided in RN3.1 Hourly Hot Water
Consumption (GPH).

Ts = Hot water supply temperature of 135°F.

Tintet = The cold water inlet temperature (°F) provided in RN3.3 Cold Water Inlet Temperature.

SDLM = Standard distribution loss multiplier (unitless). This is calculated using Equation RN4 for single
story dwelling units and from Equation RN5 for dwelling units with two or more stories. All
multi-family projects utilize Equation RN4 and the average dwelling unit CFA.

DSM = Distribution system multiplier (unitless) provided in RN3.2 Distribution System Multiplier (DSM)
within the Dwelling Unit.

CFA. = Conditioned floor area (ft’) capped at 2500 ft° for all single and multi-family units.

When a water heating system has more than one water heater, the total system load is assumed to be shared
equally by each water heater. The HARL for the jth water heater is then shown in the following equation.

HARLJ- = & Equation RN8
NmbrWH,

where

NmbrWH, = The number of water heaters in the k™ system.

RN3.1 Hourly Hot Water Consumption (GPH)

The average daily hot water consumption GPD for a dwelling unit is equal to 21.5 gallons/day plus an
additional 14 gallons per day for each 1000 ft? of conditioned floor area. Consumption is about 31.3 gallons/day
for a 700 ft* apartment and 56.5 gallons/day for a 2500 ft> dwelling unit. The equation for daily hot water
consumption can be expressed as follows?:

Appendix G of solar water heating is being revised. The changes might affect this section. With the time dependent value analysis
method, pumping energy use should be separately accounted for.

This equation is derived from the 2001 Residential ACM Approval Manual SRL equation assuming a deltaT of 75°F (supply
temperature of 135°F and inlet temperature of 60°F) and 22% distribution losses (0.82 adjustment factor). Hot water use predicted in
this equation includes the demand for clothes washers. If multi-family dwellings have a separate laundry facility with a separate water
heating system, then 17% of the hot water use predicted by Equation 4.2 should be assigned to the laundry’s hot water system and
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GPD; =21.5+0.014 x CFA, Equation RN

where
GPD, = Average daily hot water consumption (gallons) of the i dwelling unit.
CFA; = Conditioned floor area (ft2) of the i dwelling unit. When actual conditioned floor area is greater

than 2500 ft2, 2500 should be used in the above equation.

The hourly water consumption GPH of the k™ system is calculated using the average daily hot water
consumption and the hourly water consumption schedule for all dwelling units served by the system.

GPH, = [Z GPDi] x SCH,, Equation RN10
i
Where
GPH, = Hourly hot water consumption (gallons) of the k™ system.
SCH,, = Fractional daily load for hour “m”.
m = Hour of the day.

There are significant variations between hot water usage on weekdays and weekends, and separate schedules
are used. The hourly schedules shown in Table RN1 shall be used for calculating the hourly hot water
consumption. These data are shown in. These data are used for dwelling units of all types.

the remaining 83% should be assigned to the dwelling units. The hourly schedule in Table RN1 is used for both the laundry and the
dwelling units.
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Table RN1 Recommended Water Heating Schedules

Hour Weekday Weekend
1 0.014 0.018
2 0.008 0.010
3 0.009 0.009
4 0.011 0.008
5 0.020 0.015
6 0.044 0.023
7 0.089 0.026
8 0.107 0.047
9 0.089 0.077
10 0.066 0.083
11 0.052 0.074
12 0.038 0.061
13 0.036 0.051
14 0.033 0.043
15 0.032 0.039
16 0.026 0.039
17 0.042 0.052
18 0.048 0.058
19 0.052 0.056
20 0.047 0.052
21 0.042 0.047
22 0.039 0.044
23 0.036 0.040
24 0.022 0.028
Sum 1.000 1.000

RN3.2 Distribution System Multiplier (DSM) within the Dwelling Unit

The distribution system multiplier (unitless) is an adjustment for alternative water heating distribution systems
within the dwelling unit. A value of one is used for standard distribution systems defined as a “main and
branch” piping system with all lines leading from the water heater to the kitchen fixtures insulated to a nominal
R-4. Values for alternative distribution systems are given in Table RN2.
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Table RN2 Distribution System Multipliers within a Dwelling Unit with one or more Water Heaters

Distribution System Measure Code DSM
Pipe Insulation (all lines) PIA 0.92
Point of Use POU 0.00
Pipe Insulation (kitchen lines) — Standard Case PIK 1.00
Parallel Piping PP 1.09
Recirculation (no control) RNC 4.81
Recirculation + timer control RTm 3.22
Recirculation + temperature control RTmp 3.97
Recirculation + timer/temperature RTmTmp 2.65
Recirculation + demand control RDmd 1.39

RN3.2.1 Pipe Insulation Eligibility Requirements

Mandatory Measures for pipe insulation on the first five feet of hot and cold water piping from storage gas
water heaters and for pipe insulation for non-recirculation systems on all piping from the water heater to the
kitchen fixtures (kitchen sink and dishwasher) as specified in Section 150(j) of Title 24, Part 6.

Pipe insulation credit available if all remaining hot water lines are insulated. Insulation shall meet mandatory
minimums in Section 150(j).

RN3.2.2 Point of Use Water (POU) Water Heaters Eligibility Requirements

Current requirements apply. All hot water fixtures in the dwelling unit, with the exception of the clothes washer,
must be located within 8’ (plan view) of a point of use water heater. To meet this requirement, some houses
will require multiple POU units.

RN3.2.3 Recirculation Systems Eligibility Requirements

All recirculation systems must have minimum nominal R-4 pipe insulation on all supply and return recirculation
piping. Recirculation systems may not take an additional credit for pipe insulation.

The recirculation loop must be laid out to be within 8 feet (plan view) of all hot water fixtures in the house (with
the exception of the clothes washer).

Approved recirculation controls include “no control”, timer control, time/temperature control, and demand
control. Time/temperature control must have an operational timer initially set to operate the pump no more than
16 hours per day. Temperature control must have a temperature sensor with a minimum 20°F deadband
installed on the return line.

Demand recirculation systems shall have a pump (maximum 1/8 hp), control system, and a timer or
temperature sensor to turn off the pump in a period of less than 2 minutes from pump activation. Acceptable
control systems include push buttons, occupancy sensors, or a flow switch at the water heater for pump
initiation. At a minimum, push buttons and occupancy sensors must be located in the kitchen and in the
master bathroom.

RN3.2.4 Parallel Piping Eligibility Requirements

Each hot water fixture is individually served by a line, no larger than %z in., originating from a central manifold
located no more than 8 feet from the water heater. Fixtures, such as adjacent bathroom sinks, may be “doubled
up” if fixture unit calculation in Table 6-5 of the 1997 Uniform Plumbing Code allow.

Acceptable piping materials include copper and cross-linked polyethylene (PEX), depending upon local
jurisdictions.

3/8 in. lines are acceptable, pending local code approval, provided minimum required pressures listed in the
1997 UPC (Section 608.1) can be maintained.

Parallel piping to the kitchen fixtures (dishwasher and sink(s)) must be insulated to comply with the mandatory
measure for kitchen line pipe insulation.
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RN3.2.5 Overhead plumbing for non-recirculation systems

All plumbing located in attics with a continuous minimum of 4 in. of blown insulation coverage on top of the
piping will be allowed to claim the “all lines” pipe insulation credit, provided that:

1. Piping from the water heater to the attic, and

2. Piping in floor cavities or other building cavities are insulated to the minimum required for pipe insulation
credit.

RN3.3 Cold Water Inlet Temperature

The water inlet temperature varies monthly by climate zone and is equal to the assumed ground temperature

as shown in Table RN3.

Table RN3 Monthly Ground Temperature (°F)

Climate Month

Zone 1 2 3 4 5 6 7 8 9 10 11 12

1 52.2 51.5 51.4 51.8 53.1 54.5 55.6 56.4 56.4 55.8 54.7 53.4
2 53.3 51.5 51.4 52.2 55.6 58.9 61.8 63.6 63.8 62.3 59.5 56.3
3 55.1 54.1 54.0 54.5 56.5 58.5 60.3 61.4 61.5 60.6 58.9 56.9
4 55.5 54.0 53.9 54.6 57.5 60.3 62.8 64.3 64.5 63.2 60.8 58.0
5 55.7 54.8 54.7 55.2 56.9 58.7 60.2 61.1 61.2 60.4 59.0 57.3
6 59.1 58.1 58.0 58.5 60.4 62.4 64.0 65.1 65.2 64.3 62.7 60.8
7 60.1 59.1 59.0 59.5 61.5 63.4 65.2 66.2 66.3 65.5 63.8 61.9
8 60.0 58.8 58.7 59.2 61.6 63.9 66.0 67.3 67.4 66.3 64.3 62.1
9 60.5 59.1 59.0 59.7 62.2 64.8 67.1 68.5 68.6 67.5 65.3 62.8
10 59.4 57.6 57.4 58.3 61.8 65.2 68.2 70.1 70.2 68.7 65.8 62.4
11 54.9 52.4 52.2 53.4 58.2 63.0 67.2 69.8 70.0 67.9 63.8 59.2
12 54.6 52.5 52.3 53.3 57.3 61.3 64.8 67.0 67.2 65.4 62.0 58.1
13 57.5 54.7 54.5 55.8 61.0 66.2 70.6 73.5 73.7 71.4 67.0 62.0
14 54.2 51.2 51.0 52.4 58.2 63.9 68.8 72.0 72.2 69.7 64.8 59.3
15 66.8 64.0 63.8 65.1 70.4 75.8 80.4 83.3 83.6 81.2 76.7 71.5
16 444 41.8 41.6 42.8 47.7 52.6 56.8 59.5 59.7 57.5 53.4 48.7

RN3.4 Hourly Recirculation Distribution Loss for Central Water Heating Systems

The distribution losses accounted for in the distribution system multiplier DSM are within each individual
dwelling unit. Additional distribution losses occur in most multi-family dwelling units related to recirculation
systems between dwelling units. These losses include losses from piping that is or could be part of a
recirculation loop and branch piping to individual residential units. These losses are divided into losses to the
outside air, the ground and the plenum.

Outside air includes crawl spaces, unconditioned garages, unconditioned equipment rooms, as well as actual
outside air. Solar radiation gains are not included in the calculation because the impact of radiation gains is
relatively minimal compared to other effects. Additionally, the differences in solar gains for the various
conditions (e.g., extra insulation vs. minimum insulation) are relatively even less significant.

The ground condition includes any portion of the distribution piping that is underground, including that in or
under a slab. Insulation in contact with the ground must meet all the requirements of Section 150(j), Part 6, of
Title 24.

The plenum losses include losses from any distribution system piping that is within the building envelope. This
includes distribution system pipes in an attic space, within walls (interior, exterior or between conditioned and
unconditioned spaces), within chases on the interior of the building, or within plenum spaces between or above
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conditioned spaces. It does not include the pipes within the residence. The distribution piping stops at the
point where it first meets the boundaries of the apartment.

These losses are added to the load accounted for in the hourly adjusted recovery load HARL, according to
Equation RN1 and calculated in the following equation.

HRDL, =NLoa xUAga x(Ts - Toa )+ NLyg xUA g x (Ts - Tg )+ NLp x UAp Equation RN11

where

HRDLy = Hourly recirculation distribution loss (Btu).

Ts= Hot water supply temperature of 135°F.

Toa = Hourly dry-bulb temperature of outside air (°F)

Te=  Hourly ground temperature (°F) assumed constant for each month
NLoa = Normalized load coefficient for outside air term

NLyg = Normalized load coefficient for underground term

NLp = Normalized load coefficient for plenum term

UAoa = Heat loss rate of circulation pipe exposed to outside air (Btu/hr-°F).
UAyc = Heat loss rate of circulation pipe buried under ground (Btu/hr-°F).
UApr = Heat loss rate of circulation pipe in plenum (Btu/hr-°F).

The terms UAoa, UAug, and UAp represent the conductive area and heat loss rate for the three pipe locations.
In each case the UA is a function of the pipe length, pipe diameter and pipe insulation. The program user will
need to specify pipe length in each of the three locations, and specify the insulation as being either minimum
(as specified in Table 1-G, Section 123, Part 6, of Title 24), or extra. Length and corresponding insulation R-
value takeoffs are required for piping in each of the three locations (outdoors, underground, and plenum). Pipe
heat loss rates (UAoa, UAuG, and UA,) are then calculated for use in Equation 4.11.

The normalized load coefficients, NLoa, NLyg, and NLp, are climate zone specific multipliers for the pipe losses
to the outside air, ground and plenum, respectively. They are calculated according to the following equations:

Copy x 6xpl Coa2 xUAoa
0.003154 x GPD,
Nkoa = WHDH
OA Equation RN12
Cyc2 xUAyg
C ex
UGt p[0.003154 < GPD),
Nbue = WHDH
uG Equation RN13
Cpq xexp Cpa xUAp
NL 0.003154 x GPDy
b=
8760 Equation RN14
where
GPDy = the hot water consumption per day for the K™ system.lt is the sum of hot water consumption
per day for all dwelling units served by the K" system.
WHDHoa = water heating degree hours based on outside air temperature (hr-°F)
WHDHc = water heating degree hours based on ground temperature (hr-°F)
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Con1, Coaz =  coefficients for outside air pipe loss term (unitless).
Cuc1,Cusz =  coefficients for underground pipe loss term (unitless).
Cp1 Cpp = coefficients for plenum pipe loss term (unitless).

Coefficients of Coa, Cug, and Cp vary by climate zones and control schemes of the circulation system. Table
RN4 lists values of these coefficients.

Table RN4 Coefficients of Coa Cys and Cp’

Climate No Controls Timer Controls

Zone Cont Conz Cuct Cuc2 Cp1 Cr2 Cont Conz Cuet Cue2 Cp1 Cr2

1 0.5902 -0.0028 0.8323 -0.0029 0.8838 -0.0017 0.5141 -0.0030 0.6717 -0.0030 0.7497  -0.0021
2 0.6149 -0.0028 0.7950 -0.0029 0.8440 -0.0018 0.5387 -0.0030 0.6416  -0.0030 0.7090 -0.0021
3 0.6488 -0.0028 0.7934 -0.0029 0.8424 -0.0018 0.5599 -0.0030 0.6403 -0.0030 0.7124  -0.0021
4 0.6427 -0.0028 0.7787 -0.0029 0.8265 -0.0018 0.5616 -0.0030 0.6285 -0.0030 0.6953 -0.0021
5 0.6656 -0.0029 0.7909 -0.0029 0.8399 -0.0018 0.5748 -0.0031 0.6383 -0.0030 0.7073  0.0021
6 0.6898 -0.0029 0.7539 -0.0029 0.8005 -0.0018 0.5918 -0.0031 0.6084 -0.0030 0.6768 -0.0021
7 0.6925 -0.0029 0.7429 -0.0029 0.7888 -0.0018 0.5972  -0.0030 0.5997 -0.0030 0.6664 -0.0021
8 0.6935 -0.0029 0.7395 -0.0029 0.7850 -0.0018 0.5973 -0.0030 0.5968 -0.0030 0.6611  -0.0021
9 0.6928 -0.0029 0.7314 -0.0029 0.7764 -0.0018 0.5966 -0.0030 0.5902 -0.0030 0.6519  -0.0021
10 0.6876 -0.0029 0.7312 -0.0029 0.7762 -0.0018 0.5938 -0.0030 0.5902 -0.0030 0.6491 -0.0021
11 0.5913 -0.0028 0.7591 -0.0029 0.8054 -0.0018 0.5156 -0.0030 0.6126  -0.0030 0.6763  -0.0021
12 0.6037 -0.0028 0.7730 -0.0029 0.8203 -0.0018 0.5276 -0.0030 0.6239 -0.0030 0.6887 -0.0021
13 0.6346 -0.0028 0.7286 -0.0029 0.7730 -0.0018 0.5522  -0.0030 0.5880 -0.0030 0.6480 -0.0021
14 0.6280 -0.0028 0.7543 -0.0029 0.8002 -0.0018 0.5521 -0.0030 0.6088 -0.0030 0.6703  -0.0021
15 0.7158 -0.0029 0.6307 -0.0029 0.6690 -0.0018 0.6130 -0.0031 0.5090 -0.0030 0.5559  -0.0022
16 0.4965 -0.0028 0.8662 -0.0029 0.9193 -0.0018 0.4410 -0.0030 0.6990 -0.0030 0.7756 -0.0021

Table RN4 provides coefficients for recirculation systems where the pumps are always on and tables for
recirculation systems that are shut off during hours 1 through 5, and hours 23 and 24 (from 10p.m. to 5a.m.).
There is no set of coefficients provided for the case where the circulation system does not rely on a
recirculation pump. Such a system would be unlikely to supply hot water within parameters acceptable to
tenants. It can be assumed that any distribution systems for supplying hot water from a central boiler or water
heater require a recirculation pump and one would be supplied retroactively if not initially.

WHDHQo, is the sum of the differences between the temperature of the supply hot water (135°F ) and the hourly
outdoor temperature for all 8760 hours of the year. This term varies by climate zone. The values for this term
are listed in Table RN5S below. The equation uses the hourly outdoor temperatures from the weather files
incorporated in the CEC approved programs.

WHDHc is the sum of the differences between the supply hot water temperature (135°F ) and the hourly
ground temperature for all 8760 hours of the year. This term varies by climate zone. The appropriate values for
this term are listed in Table RN5 below. The equation uses the ground temperatures from the weather files
incorporated in the CEC approved programs which are assumed to be stable on a monthly basis.

8 Coefficient values for other climate zones are to be provided before the November Workshop.
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Table RN5 Water Heating Degree Hours for Outside Air and Underground

Climate Zone WHDHon (hr-°F) WHDHys (hr-°F)
1 712810 710306
2 680634 678425
3 679350 677026
4 666823 664459
5 677373 674935
6 645603 643236
7 636342 633811
8 633244 630782
9 626251 623822
10 625938 623741
11 649661 647770
12 661719 659676
13 623482 621526
14 645367 643517
15 539736 537782
16 741372 739378

UA terms are calculated using inputs provided by the user and base assumptions about the pipe diameter:
The user inputs are:

1. Pipe length in each of the three locations

2. Insulation R value of the pipe in each location

The total length of the circulation pipe is calculated, along with the fraction in each location (PFoa, PFys and
PFp). The square feet of surface area is calculated according to the following equation:

SFiotal = —202.1+ 6.226 x NmbrApt + 0.1388 x LFy Equation RN15
where
SFqotal = The total square feet of surface area of the circulation piping,
NmbrApt = The number of apartments in the building, and
LFtota = The total lineal feet of all circulation piping.

Note that this equation provides a reasonable approximation of the area of pipe while avoiding the enforcement
problems that would exist by the potentially more accurate approach of asking the user to input the length of
pipe of each diameter in each location. Such an approach would rely on data that could not be easily field-
verified.

The UA for each of the three locations is derived as a function of the fraction of the total pipe in that location
times a factor that represents the conductivity of the standard (minimum) insulation or the “extra” insulation
condition. The following two equations provide the alternate equations for the two insulation cases. The
factors do not vary by location so the equations for the other two locations are of exactly the same form,
varying only by the fraction of pipe in that location.

The benefits of additional insulation shall be calculated as required in Section 150(j) of Title 24. The insulation
value of the ground and of protective coverings may not be used for achieving the minimum insulation values
required by Section 150(j).

Ud,, =3.0116 x SF,,,

x PF,,

For extra insulation: Equation RN16
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UA,, =4.3668xSF,,, x PF,,

total

For minimum insulation: Equation RN17

RN3 Energy Use of Individual Water Heaters

Once the hourly adjusted recovery load is determined for each water heater, the energy use for each water
heater is calculated as described below.

RN4.1 Storage Gas, Storage Electric and Heat Pump Water Heaters

The hourly energy use of storage gas, storage electric and heat pump water heaters is given by the following
equation.

HARL ; x HPAF |
WHEU j = | —————— |WSAF Equation RN18
LDEF
where
WHEUJ- = Hourly energy use of the water heater (Btu), adjusted for tank insulation and wood stove boilers.
HARLj = Hourly adjusted recovery load (Btu).
HPAFJ- =  Heat pump adjustment factor from the table below based on climate zone. This value is one for

storage gas, storage oil and storage electric water heaters.

Table RN6 Heat Pump Adjustment Factors

Climate Zone Heat Pump Adjustment Factor Climate Zone Heat Pump Adjustment Factor
1 1.040 9 0.920
2 0.990 10 0.920
3 0.990 11 0.920
4 1.070 12 1.070
5 1.070 13 0.920
6 0.920 14 1.040
7 0.920 15 0.920
8 0.920 16 1.500
LDEFJ- = The hourly load dependent energy factor (LDEF) is given by the following equation. This equation
adjusts the standard EF for different load conditions.
HARL  x 24 _
LDEFj_ex[m[——qaaa——j@xEFj+b)+@xEFj+d) Equation RN19
ab,cde= Coefficients from the table below based on the water heater type.
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Table RN7 LDEF Coefficients

Coefficient Storage Gas Storage Electric Heat Pump

a -0.098311 -0.91263 0.44189

B 0.240182 0.94278 -0.28361

c 1.356491 4.31687 -0.71673

D -0.872446 -3.42732 1.13480

E 0.946 0.976 0.947

EFj = Energy factor of the water heater (unitless). This is based on the DOE test procedure.
WSAFk = Wood stove boiler adjustment factor for the kth water heating system. This is given in Section

RN4.5 Wood Stove Adjustment Factors. This is an optional capability and is set to 1.00 for
ACMs without wood stove boiler modeling capability.

RN4.2 Instantaneous Gas or Oil

The hourly energy use for instantaneous gas or oil water heaters is given by the following equations.

WHEU = [H/:;Lj + PILOTJ-] x WSAF; Equation RN20
i
where
WHEUJ- = Hourly fuel energy use of the water heater (Btu), adjusted for wood stove boilers.
HARLJ- = Hourly adjusted recovery load.
EFJ- = Energy factor from the DOE test procedure (unitless). This is taken from manufacturers
literature or from the CEC Appliance Database.
PILOTJ- = Energy consumption of the pilot light (Btu/h).
WSAF, = Wood stove boiler adjustment factor for the k™ water heating system. This is an optional

capability and is set to 1.00 for ACMs without wood stove boiler modeling capability.

RNA4.3 Instantaneous Electric

The hourly energy use for instantaneous electric water heaters is given by the following equation.

HARL x WSAF;

WHEU .. =
jelec 3413 xEF;

Equation RN21

where

WHEUJ-’ clec = Hourly electricity energy use of the water heater (kWh), adjusted for wood stove boilers.
HARLj = Hourly adjusted recovery load.

EFJ- = Energy factor from DOE test procedure (unitless).

WSAF, = Wood stove boiler adjustment factor for the k™ water heating system. This is an optional

capability and is set to 1.00 for ACMs without wood stove boiler modeling capability.
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RN4.4 Large storage gas and Indirect Gas

Energy use for large storage gas and indirect gas water heaters is given by the following equations. Note:
large storage gas water heaters are defined as any gas storage water heater with a minimun input rate of
75,000 Btu/h.

WHEUj = M+PILOTJ- X WSAFj Equation RN22
EFF; xEAF,

where

WHEU; = Hourly fuel energy use of the water heater (Btu), adjusted for tank insulation and wood stove
boilers.

HARLJ- = Hourly adjusted recovery load.

HJL; = Hourly jacket loss (Btu/h).

EFF; = Efficiency (fraction, not %). To be taken from CEC Appliance Database or from manufacturers
literature. These products may be rated as a recovery efficiency, thermal efficiency or AFUE.

EAFj = Efficiency adjustment factor (unitless). This value is 1.0 for large storage gas water heaters
and 0.98 for indirect gas water heaters.

PILOTJ- = Pilot light energy (Btu/h).

WSAF, = Wood stove boiler adjustment factor for the k™ water heating system. This is an optional

capability and is set to 1.00 for ACMs without wood stove boiler modeling capability.

RN4.5 Wood Stove Adjustment Factors

This is an optional capability and the Wood Stove Boiler Adjustment Factor is set to 1.00 for ACMs without
wood stove boiler modeling capability. The wood stove adjustment factor (unitless) reduces water heating
energy to account for the heat contribution of wood stove boilers. This multiplier is taken from the table below,
based on climate zone and whether the wood stove boiler has a recirculation pump. The inclusion of this factor
and its relevant input parameters is an optional capability for ACMs. However, when this optional capability is
implemented the algorithms and procedures given below must be used.
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Table RN8 Wood Stove Adjustment Factors

Climate Wood Stoves with Pumps Wood Stoves without Pumps
Zone

1 0.775 0.750
2 0.775 0.750
3 0.775 0.750
4 0.865 0.850
5 0.865 0.850
6 0.910 0.900
7 0.910 0.900
8 0.955 0.950
9 0.910 0.900
10 0.955 0.950
11 0.910 0.900
12 0.865 0.850
13 0.910 0.900
14 0.910 0.900
15 1.000 1.000
16 0.730 0.700

RN4.6 Jacket Loss

The hourly jacket loss for large storage gas and indirect gas water heaters is calculated as

TSA| x AT
HILy = —————+FTL; Equation RN23
RTI; +RE,
where
TSA = Tank surface area (ft2).
FTLJ- = Fitting losses®. This is a constant 61.4 Btu/h.
REIJ- = R-value of exterior insulating wrap.
TSA; x AT
RTI; = ! Equation RN24
|(8.345x VOL x SBL x AT)~FTL; - PILOT, |x EFF; x EAF;
SBLJ- = Standby loss expressed as a fraction of the heat content of the stored water lost per hour from
the CEC Appliance Database or from manufacturer’s literature.
PILOT; = Pilot light energy (Btu/h).
AT = Temperature difference between cold water inlet and hot water supply temperature (°F).

RN4.7 Tank Surface Area

Tank surface area (TSA) is used to calculate the hourly jacket loss (HJL) for large storage gas and indirect gas
water heaters. TSA is given in the following equation as a function of the tank volume.

4 See Davis Energy Group report, Section lll, Page A-8.
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TSA| =ex(fxVOLI® 1+ g)?
! Equation RN25

Where
VOL,; = Tank capacity (gallons).
e,f,g= Coefficients given in the following table.

Table RN9 Coefficients for Calculating Tank Surface Areas

Coefficient Storage Gas Large Storage Gas and Indirect Gas  Storage Electric and Heat Pumps
e 0.00793 0.01130 0.01010

f 15.67 11.8 11.8

g 1.9 5.0 5.0

RNS5 Electricity Use for Circulation Pumping

For single-family recirculation systems, hourly pumping energy is fixed as shown in following table.

Table RN10 Single Family Recirculation Energy Use (kWh) by Hour of Day

Uncontrolled

Hour Recirculation Timer Control Temperature Control ~ Timer/Temp Control Demand Recirculation
1 0.040 0 0.0061 0 0.0010
2 0.040 0 0.0061 0 0.0005
3 0.040 0 0.0061 0 0.0006
4 0.040 0 0.0061 0 0.0006
5 0.040 0 0.0061 0 0.0012
6 0.040 0 0.0061 0 0.0024
7 0.040 0.040 0.0061 0.0061 0.0045
8 0.040 0.040 0.0061 0.0061 0.0057
9 0.040 0.040 0.0061 0.0061 0.0054
10 0.040 0.040 0.0061 0.0061 0.0045
11 0.040 0.040 0.0061 0.0061 0.0037
12 0.040 0.040 0.0061 0.0061 0.0028
13 0.040 0.040 0.0061 0.0061 0.0025
14 0.040 0.040 0.0061 0.0061 0.0023
15 0.040 0.040 0.0061 0.0061 0.0021
16 0.040 0.040 0.0061 0.0061 0.0019
17 0.040 0.040 0.0061 0.0061 0.0028
18 0.040 0.040 0.0061 0.0061 0.0032
19 0.040 0.040 0.0061 0.0061 0.0033
20 0.040 0.040 0.0061 0.0061 0.0031
21 0.040 0.040 0.0061 0.0061 0.0027
22 0.040 0.040 0.0061 0.0061 0.0025
23 0.040 0 0.0061 0 0.0023
24 0.040 0 0.0061 0 0.0015
Annual Total 350 234 53 35 23
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Multi-family recirculation systems may have vastly different pump sizings and is therefore calculated based on
the installed pump size. The hourly electricity use for pumping (HEUP) water in the circulation loop can be
calculated by the hourly pumping schedule and the power of the pump motor as in the following equation.

0.746 x PUMP, x SCHy

HEUP, =
Tk Equation RN26
where
HEUP, = Hourly electricity use for the circulation pump (kWh).
PUMP, = Pump brake horsepower (bhp).
Nk = Pump motor efficiency
SCHy m = Operating schedule of the circulation pump. For 24-hour operation (no controls), the value is

always 1. For timer controls, the value is 1 when pump is on and 0 otherwise. The pump is
assumed off from 10 p.m. to 5 a.m. and on for the remaining hours.
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Appendix RO — Not Used
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ACM RQ-2005

Appendix RQ - High Quality Insulation Installation
Procedures

NOTE: THIS IS AN ENTIRELY NEW APPENDIX. MARKED CHANGES ARE RELATIVE TO THE NOVEMBER WORKSHOP DRAFT.

RQ1. Purpose and Scope

ACM RQ is a procedure for verifying the quality of insulation installation in low-rise residential buildings. A
compliance credit is offered when this procedure is followed by the insulation installer and a qualified HERS
rater. The procedure and credit applies to wood framed construction in low-rise residential buildings.

RQ2. Terminology

Air Barrier

Air-tight

An air barrier is reguired-needed in all thermal envelope assemblies to prevent air movement.
Insulation, other than foam, is not designed to stop air movement. For insulation installed
horizontally, such as in an attic, the insulation must be in substantial contact with the assembly
air barrier (usually the ceiling drywall) on one side for it to perform at its rated R-value.

Thermal envelope assemblies (such as wall assemblies) shall be built to minimize air
movement. Air movement can move unwanted heat and moisture through or into the assembly.
For these procedures air-tight shall be defined as an assembly or air barrier with all openings
greater than 1/8 inch- caulked, or sealed with expansive or minimally expansive foam.

Excessive Compression Batt insulation may be compressed up to 50% at obstructions such as plumbing vents

Delaminated

Draft Stops

Friction Fit

Gaps

Hard Covers

and in non-standard cavities, but compression of more than 50% in any dimension is excessive
and shall not be allowed. —Where obstructions would cause the insulation to be compressed
greater than 50% insulation shall be cut to fit around the obstruction.

Batts are often split or delaminated to fit around an obstruction. For example when an electrical
wire runs through a wall cavity the insulation must still fill the area both in front of the wire and
the area behind the wire. This is typically accomplished by delaminating the batt from one end
and placing one side of the batt behind the wire and the other in front of the wire. The location
of the delamination must coincide with the location of the obstruction. For example if the wire is
one third of the distance from the front of the cavity the batt should be delaminated so that two
thirds of the batt goes behind the wire and one third in front of the wire.

Draft stops are installed to prevent air movement between wall cavities, other interstitial cavities
- and the attic. They are typically constructed of dimensional lumber blocking, drywall or
plywood. Draft stops become part of the attic insulation air barrier and shall be air-tight. Fire
steps blocks constructed of mineralfiber porous insulation materials cannot serve as draft stops
since they are not air-tight.

Friction fit batts are commonly used. Friction fit batts have enough side-to-side frictional force
to hold the batt in place without any other means of attachment.

A gap is an uninsulated area at the edge of or between batts. Gaps in insulation are avoidable
and are not permitted.

Hard covers shall be installed above areas where there is a drop ceiling. For example a home
with 10 ft ceilings may have an entry closet with a ceiling lowered to 8 ft. A hard cover (usually
a piece of plywood) is installed at the 10 ft. level above the entry closet. Hard covers become
part of the ceiling air barrier and shall be substantially air-tight.
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Net Free-Area The net free-area of a vent cover is equal to the total vent opening less the interference to air

flow caused by the screen or louver. Screened or louvered vent opening covers are typically
marked by the manufacturer with the "net free-area." For example a 22.5 in. by 3.5 in. eave
vent screen with a total area of 78.75 square inches may have a net free-area of only 45 square

inches.

Voids When batt insulation is pushed too far into a wall stud cavity a void is created between the front
of the batt and the drywall. Batts shall be fully lofted and fill the cavity front-to-back. Small
voids less than % in. deep on the front or back of a batt shall be allowed as long as the total
void area is not over 10% of the batt surface area.

RQ3. Raised Floors and Floors Over Garages

Batts shall be correctly sized to fit snugly at the sides and ends, but not be so large as to buckle.
Batts shall be cut to fit properly without gaps. Insulation shall not be doubled-over or compressed.
Insulation shall be in contact with an air barrier - usually the subfloor.

On floors that are over garages, or where there is an air space between the insulation and the subfloor,
the rim joist shall be insulated.

Batts shall be cut to butt-fit around wiring and plumbing, or be split (delaminated) so that one layer can
fit behind the wiring or plumbing, and one layer fit in front.

If the insulation is faced, the facing shall be placed toward the living space.

Insulation shall be properly supported to avoid gaps, voids, and compression.

RQ4. Wall Insulation

RQ4.1. Batt Installation

Wall stud cavities shall be caulked or foamed to provide a substantially air-tight envelope _to the
outdoors, attic, garage and crawl space. Special attention shall be paid to plumbing and wiring
penetrations through the top plates, electrical boxes that penetrate the sheathing, and the sheathing
seal to the bottom plate.

Installation shall uniformly fill the cavity side-to-side, top-to-bottom, and front-to-back.
The batt shall be friction fitted into the cavity unless another support method is used

Batt insulation shall be installed to fill the cavity and be in contact with the sheathing on the back and
the wallboard on the front - no gaps or voids.

Non-standard-width cavities shall be filled with batt insulation snuggly fitted into the space_without
excessive compression.

Batt insulation shall be cut to butt-fit around wiring and plumbing, or be split (delaminated) so that one
layer can fit behind the wiring or plumbing, and one layer fit in front.

RQ4.2 Narrow-Framed Cavities

Non-standard width cavities shall be filled by batt insulation cut to snuggly fit into the space.

Narrow spaces (two inches or less) at windows, between studs at the building's corners, and at the
intersections of partition walls shall be filled with; batt insulation snuggly fitted into the space_(without
excessive compression), loose fill insulation, or expansive or minimally expansive foam.
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RQ4.3 Special Situations
RQ4.3.1 Installations Prior to Exterior Sheathing or Lath

e Hard to access wall stud cavities such as; corner channels, partition-wall intersections, and behind
tub/shower enclosures shall be insulated to the proper R-value. This may have to be done prior to the
installation of the exterior sheathing or the stucco lath.

RQ4.3.2 Obstructions
¢ Insulation shall be cut to fit around wiring and plumbing without compression.
¢ Insulation shall be placed between the sheathing and the rear of electrical boxes and phone boxes.

¢ In cold climates, where water pipes may freeze (Climate Zones 14 and 16) pipes shall have at least
two-thirds of the insulation between the water pipe and the outside. If the pipe is near the outside, as
much insulation as possible shall be placed behirdbetween the pipe and the outside (without
excessive compression), and no insulation shall be placed between the pipe and the inside.

RQ4.3.3 Rim Joists

¢ All rim-joists shall be insulated to the same R-Value as the adjacent walls.
e The insulation shall be installed without gaps or excessive compression.
RQ4.3.4 Kneewalls and Skylight Shafts

e All kneewalls and skylight shafts shall be insulated to a minimum of R-19.

e The insulation shall be installed without gaps and with minimal compression.

o For steel-framed kneewalls and skylight shafts, external surfaces of steel studs must be covered with
batts or rigid foam unless otherwise specified on the CF-1R and documented by a form 3R generated
by EZFRAME.

e The house side of the insulation shall be in contact with the drywall or other wall finish.

e The insulation shall be supported so that it will not fall down by either fitting to the framing, stapling in
place with minimal compression, or using other support such as netting.

RQ4.3.5 HVAC/Plumbing Closet

e Walls of interior closets for HVAC and/or water heating equipment, that require combustion air venting,
shall be insulated to the same R-value as the exterior walls.

RQ4.3.6 Loose Fill Wall Insulation
e The installer shall certify on forms CF-6R and IC-1installed-density-shall-be-measured-by-both-the

insulation-installerand-the HERS raterto-assure that the manufacturer's minimum densityweight-per-
square-foot requirement has been met.
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RQ5. Ceiling and Roof Insulation

RQ@5.1 Batt Insulation
RQ5.1.1 General Requirements
e Batts shall be correctly sized to fit snugly at the sides and ends.
o Batts shall be installed so that they will be in contact with the air barrier.

e Where necessary, batts shall be cut to fit properly - there shall be no gaps, nor shall the insulation be
doubled-over or compressed.

o When batts are cut to fit a non-standard cavity, they shall be snuggly fitted to fill the cavity without
excessive compression.

e Batts shall be cut to butt-fit around wiring and plumbing, or be split (delaminated) so that one layer can
fit behind the wiring or plumbing, and one layer fit in front.

e For batts that are taller than the trusses, full-width batts shall be used so that they expand to touch
each other over the trusses.

e Hard covers or draft stops shall be placed over all drop ceiling areas and interior wall cavities to keep
insulation in place and stop air movement. If hard covers or draft stops are missing or incomplete, they
shall be completed before insulation is installed.

e Required eave ventilation shall not be obstructed - the net free-ventilation area of the eave vent shall
be maintained.

e Insulation shall cover all IC rated lighting fixtures.

o Fixtures that are not IC rated (e.g., halogen lamps, heat lamps) shall to-be enclosed in an airtight box
that meets fire codes, and the box covered with insulation. If fixtures are not IC rated and not enclosed
in such a box, they shall be replaced or boxed before insulation is installed.

RQ5.1.2 Special Situations
RQ5.1.2.1 Rafter Ceilings

e An air space shall be maintained between the insulation and roof sheathing if-recessary-to-meetlocal
codes required by California Building Code section 1505.3.

e Facings and insulation shall be kept away from combustion appliance flues in accordance with flue
manufacturers' installation instructions or labels on the flue.

RQ5.1.2.2 HVAC Platform

o AVerify-thatthe-appropriate batt insulation shall beis placed below any plywood platform or cat-walks
for HVAC equipment installation and access

e Batts shall be installed so that they will be in contact with the air barrier.
RQ5.1.2.3 Attic Access

o Permanently attach rigid foam or a batt of insulation to the access dooreever using adhesive or
mechanical fastener.
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RQ5.2. Blown-In Ceiling Insulation

RQ5.2.1 General Requirements

Baffles shall be placed at eaves or soffit vents to keep insulation from blocking eave ventilation. The
required net free-ventilation shall be maintained.

Hard covers or draft stops shall be placed over all drop ceiling areas and interior wall cavities to keep
insulation in place and stop air movement. If hard covers or draft stops are missing or incomplete, they
shall be completed before insulation is completed or the entire drop area shall be filled with blown-in
insulation level with the rest of the attic.

Attic rulers appropriate to the material installed shall be placed around the attic to verify depth: one
ruler for every 250 square feet, evenly distributed around the attic and clearly readable from the attic
access. The rulers shall be scaled to read inches of insulation erand the R-value installed.

Insulation shall ge-be applied underneath and on both sides of obstructions such as cross-bracing and
wiring.

Insulation shall be applied all the way to the outer edge of the wall top plate.
Insulation shall cover IC-rated lighting fixtures.

Fixtures that are not IC rated (e.g., halogen lamps, heat lamps) shall {e-be enclosed in an airtight box
that meets fire codes, and the box covered with insulation. If fixtures are not IC rated and not enclosed
in such a box, they shall be replaced or boxed before insulation is completed.

Insulation shall be kept away from combustion appliance flues in accordance with flue manufacturer's
installation instructions or labels on the flue.

Insulation shall be blown to a uniform thickness throughout the attic with all areas meeting or
exceeding the insulation manufacturer's minimum requirements for depth and weight-per-square-foot.
AR

The installer shall certify on forms CF-6R and IC-1d-weight-per-square-foot-shall-be-measured-by-beth
the-insulation-installerand-the HERS rater-to-assure that the manufacturer's minimum weight-per-

square-foot requirement has been met.

The HERS rater shall verify that the manufacturer's minimum weight-per-square-foot requirement has

been met on all loose-fill mineral-fiber attics. One attic sample shall be taken in the area that appears
to have the least amount of insulation. The rater shall record the weight-per-square-foot of the sample
on the CF-4R.
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Sample-Weight ig,—=(Weightwersampie ~-08)}-/{{Moisture-Content %1100} +1— EquationRQ2
RQ5.2.2 Special Situations
RQ5.2.2.1 Kneewalls and Skylight Shafts:

o Kneewalls and skylight shafts shall be insulated to a minimum of R-19. If loose fill insulation is used it
shall be properly supported with netting or other support material.

RQ5.2.2.2 HVAC Platform

o Pressure-fill the areas under any plywood platform or walks for HYAC equipment installation and
access or verify that appropriate batt insulation has been installed.

RQ5.2.2.3 Attic Access

e Permanently attach rigid foam or a batt of insulation to the access door using adhesive or mechanical

fastener.
e RQ7. Materials

e Materials shall comply with Uniform Building Code (including, but not limited to, 1997 UBC Section 707)
and installed to meet all applicable fire codes.

o Materials shall meet California Quality Standards for Insulating Material, Title 24, Chapter 4, Article 3, listed
in the California Department of Consumer Affairs Consumer Guide and Directory of Certified Insulating
Materials.

e Materials shall comply with flame spread rating and smoke density requirements of Sections 2602 and 707
of the Title 24, Part 2: all installations with exposed facings must use fire retardant facings which have
been tested and certified not to exceed a flame spread of 25 and a smoke development rating of 450.
Insulation facings that do not touch a ceiling, wall, or floor surface, and faced batts on the undersides of
roofs with an air space between the ceiling and facing are considered exposed applications.

e Materials shall be installed according to manufacturer specifications and instructions.

RQ8. Equipment

e Scales - The scales used to weigh density samples shall be accurate to within +/- 0.0305 pounds. Scales
shall be calibrated in accordance with manufacture's instructions.

RQ9. R-Value and U-Value Specifications

See CF-1R for minimum R-value requirements; for non-standard assemblies, also see applicable form 3R.

RQ10. Certificates

An Insulation Certificate (IC-1) signed by the insulation installer shall be provided that states that the installation
is consistent with the plans and specifications for which the building permit was issued. The certificate shall
also state the installing company name, insulation manufacturer's name and material identification, the installed
R-value, and, in applications of blown-in insulation, the minimum installed weight-per-square-foot where
required (or the minimum weight per cubic foot) consistent with the manufacturer's labeled installed-design-
density for the desired R-Value, and the number of inches required to achieve the desired R-Value.
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RQ11. Certificate Availability

The Insulation Certificate (IC-1) and Installation Certificate (CF-6R), signed by the insulation installer, shall be
available on the building site for each of the HERS rater's verification inspections. Note: The HERS rater
cannot verify compliance credit without these completed forms.

CF-6R & CF-4R Insulation Installation Quality Certificate

NOTE: THE FOLLOWING FORM IS PROVIDED FOR INFORMATION. IT WILL LIKELY BE INCLUDED IN THE RESIDENTIAL
CONSERVATION MANUAL AND NOT IN THE ACM MANUAL.

Site Address Permit

[0 Installation meets all applicable requirements as specified in the Insulation Installation Procedures
(CF-6R only)

[0 Insulation certificate, (IC-1) signed by the installer stating: insulation manufacturer’'s name, material
identification, installed R-values, and for blown-in insulation: minimum weight per square foot and minimum
inches

O Installation Certificate, (CF-6R) signed by the installer certifying that the installation meets all applicable
requirements as specified in the Insulation Installation Procedures

(CF-4R only)

1. FLOOR

[ All floor joist cavity insulation installed to uniformly fit the cavity side-to-side and end-to-end

[ Insulation in contact with the subfloor or rim joists insulated

[0 Insulation properly supported to avoid gaps, voids, and compression

2. WALLS

[0 Wall stud cavities caulked or foamed to provide an air tight envelope

[0 Wall stud cavity insulation uniformly fills the cavity side-to-side, top-to-bottom, and front-to-back

[J  No gaps

(1 No voids over 3/4" deep or more than 10% of the batt surface area.

[0 Hard to access wall stud cavities such as; corner channels, wall intersections, and behind tub/shower
enclosures insulated to proper R-Value

[ Small spaces filled

00 Rim-joists insulated

[ Loose fill wall insulation meets or exceeds manufacturer's minimum densityweight-per-square-foot
requirement. Sample-density pounds pe bic-foot—air-dry-orpound
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cubicfoot-or pounds-per-square foot)(CE-4R-only)
CEILING PREPARATION

All draft stops in place_to form a continuous ceiling and wall air barrier

All drops covered with air-tight hard covers

3.
0
U
[0 Floor cavities on multiple-story buildings have air tight draft stops to all adjoining attics
[0 Eave vents prepared for blown insulation - maintain net free-ventilation area

[0 Kneewalls insulated or prepared for blown insulation

[0 Area under equipment platforms and cat-walks insulated or accessible for blown insulation

Attic rulers installed

4. CEILING BATTS

[0 No gaps

[1  No voids over % in. deep or more than 10% of the batt surface area.

[0 Insulation in contact with the air-barrier

[0 Net free-ventilation area maintained at eave vents

5. CEILING BLOWN-IN

[0 Insulation uniformly covers the entire ceiling (or roof) area from the outside of all exterior walls.

(1 Baffles installed at eaves vents or soffit vents - maintain net free-ventilation area of eave vent

[1  Attic access insulated

[0 IC-rated recessed light fixtures covered

[0 Insulation at proper depth — insulation rulers visible and indicating proper depth_and R-value

[1 Loose fill ceiling insulation meets or exceeds manufacturer's minimum weight requirement for the target R-
value. Target R-value Manufacturer’'s minimum required weight for the target R-
value (pounds per square foot).-Sampleweightt——————————

{pounds-per-square-foot-airdry). Note: In order to receive compliance credit the HERS rater shall verify
that the manufacturer's minimum weight has been achieved for the target R-value. (CF-6R only)

0 Loose fill mineral fiber ceiling insulation meets or exceeds manufacturer's minimum weight requirement for

the target R-value.—Record-only-lightestsample: Target R-value

Manufacturer’'s minimum required weight for the target R-value (pounds per
square foot). Sample weight (pounds per square foot—air-dry). (CF-4R only)
DECLARATION

| hereby certify that the installation meets all applicable requirements as specified in the Insulation Installation
Procedures.

Item #s Signature, Date Title, Company Name

Item #s Signature, Date Title, Company Name
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Item #s Signature, Date Title, Company Name
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